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‘ 1  11(’ C’ollc’1111(’11[  al)l)loa(’tl  Scqllcllccs  Ila(i 1)1’1’11

(lc\cl(Ilxd [()  l:Ikr  full adviIt Ila~,c Ol(tle licll scicllcc Ot]sci vitl~,

oj~lx)t(uliilics  dLltiiI~ lIIC l:I\( Iuw (l:Iys  aII(l IKNIIS (MI olIl)ItmcII

10 Julli(cl. (J)]xn(ulii{im i]]cltl(ld :1 3 ? , ( ) ( ) ( )  kIII  IICaIly souIII

],01[11  ]);l\SiIp,c OII;lI[(JJI{I,{I  llc;ll-e(]Ll;ll(Jli;ll  ]()()()k IT Ij,a$s [)y ](),

a vcly Ctllu fully Cld(’ld ]);ISS  llIloll~I,l I ltw 10 lot LIs,  OlMI \wli(l[ls

Or lIIC l’jolw CIIIIy s i l t ,  aII(l dis[;lrll  AI 11:~1 IIIco arl(l A(l IaS[en T,

Sll~l~C ()[l(tlL.  [:ljlCilC()l(iCl \\f:l\;l(  ;tllt Clllilt[ll  ~lll(i[tlCol)scl \flltioll\

wclc ill[cp,lalc(l 10 (:Ikc II]:ixitllulll  iI(iwIIl;  I~c of [}lis tltli[lLIL*

(qqml[ulii[jf.  h~ucll oi’(lLcl ccol(lill~  j, IL’c](liic’(1” Iti[,,lllcc(]l(l  I; I(CS,

1111 10 800” kll]ls, llCL’CSS:lly  10 :lC(olItl  I)()(l:IIC  iltt:lyit){, :Itttl

lllul(i]~lc illsllulllctil lccol(lirl~,s. ll(WCVCI,  :111 llllwl~rll 111(’

(lcsi[)ll [)1” [Iiis  s(’(]uc IIcc, it R,:IS lc.co~,tlizc[l  II I;I(  IIIC Ircoltlill{,,

:111(1 I’L”(UIII olllw l’iotlc dn[a wns (IK hi~lwsl  Sciclll  ificl]liorily,

;IIId  IIolllill}’,  \v:Is lo coltll]lo]l]isc” IItis.

SIIoI[ly  ;II’IL’I  [IIC  l<<cotdcl (l)h4S) iIIIOIIIaly,  wl]ilc

IIICI(  W:IS still VCIy lii[lc (ll~(lc[ st[ltl(lill~, ofl]()\\”  tllcl)h4S w(wld

]ICIIOII II, lI(~\\, il Itlif,lll  Ir s; Ifcly (Jl)/Ialc(l, (N  CVCII  \\,tl;ll  \\;t\

\\,I(llI~ \\ ’iIll  il, clc:ttly  l}Ir o[Ily ]11 LI(lCII[ C(NIISC olactioll U,;IS (o

iIsc [tic l<(w)lclct olIly ill lII(xlcs IIL’CCSS:IIy ;IIICI s:lfc 10 [Ic(lui[c’

llIr I’IO1)C (1:1(:1. ‘III(’  Clllilc. suicilcc XYIUCIK.C \tI;I\ almII(i(IIicd

iIII(l II IrIIU\V]Jl:  III \Y;I\toILuIId  (Mily Ilic1’It)l)c(l;It:t.  AI IIIC [ill}c

[)1 Illc Ullolll:lly, ( l  I L ’  l;IJIC f(JilLliI/IIL.ly  wds ]msitiollrd  IIC:II

l]cy,illllillf!,  -[) f-l~l])c,  so it w;ls  ]xwsil)lc  10 ]ccxncl oll lIack 1 \+illl
I){) ]J(J<ilio]li]l~,  of” lI)u I;I]KT ]u(!~lilvd,  l’(lllut I: I[cly,  [lIr  IL.cold
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Uwxl Ip’ 1}1(’ I) MS, ‘ / . ( 1 s  kl)])s. Af(c I futttwt ;Ili;llysis,  it \v;Is

(It’lcl]llillc(l  tlI:It a ])()]iioll  oi’tlIc  f“]cl(}s :11111 Imrliclrs lcc(][(litlj,,

II I:IL IIil(l I)C’L’11 JII:IIIIIL’(1 fol 111(’ 10 IOI(IS l)awl~,l’ could  ;11s[) t)c
s; I1’cly  ;wco]]]l]lisld,  ‘l”llis lccoldillp,  is dol]c  at lIIC Sal IIC I;IIc
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l’igutc 9. .VtlII .Yclltltlet Rddi{itio)t

(Molrl 1995. l~i~~,ulc No Sl)ows  a suII)t IIaIy  Iilllclillc  of[lle kcy

ac(ivilics  Occullilly, duliflp, (IIC a]]]no:wtl  and ctIcoul Ilcl.

II} Sc]ItcIIIl,ct  aII(l tally ock~lwI, itctdtioil 4 o f  Itlc

l<cl:Iy/Jol clitical c]i~,illcciill~,  scqucl~ce  was ~oi!]p  tl)loilpl]

I’111:11 (cs(iltg,  atl(i \:llida(ion  for a  Novcr]lbcl l-l ul]litlli  to [hc
slmccrafl.  ‘I’llcl  )h4Szlll(~] ll;llyorloctot Jcr I 1 rcclllilc(l:ltl(](llcr

ilcl:llioll  illoll~,  wi[l}  a 1(’]lcil( of(llc scqucrlcc  [Cs( ]JltJ~,lillll  2111(I
\’illicl:ltioll])r(}CCss,  II) :Kkliliolt,  allof(lIc  :i])]))c)zlcl)  :lll(lcl}co~ll)lcl

sciciwc  scqucrlccs  hwl 10 [w ulxldlcd ard rc\’:tlid211cd  10 IC.rl](lvc

( I r e  1 )MS l~w)rdilr~, wtivi(ics  Cxccj)( for lhc l:$il) 10\\’ I dlc

](w]rdin~  of IIlc 10 “1’otus  cia(d. ‘I’l Ic cri(ical Cr]fill(’cli[ly,

scquc IIcc cl IaIJ~,cs  wclc. kc])i ns si]lq)lc  a\ ]msil}}e  10 ]clllovc

[Ilc l)MS ICwild :lrld rcm)rd (lIC l’rotm dat:i in tl]c s:lfcs(  woy f’bi

ltlclccCjl  (iCl.lll  }](l(li(i()ll,lllc  l'r()lJc syltll]()l  s[(Jtiiyc  ;ilc:iiIl(Il)S
]i]cltl(~ry  was illcr~.:lwd 10 illlo\\” Collcc(ioll (JI’ :[11 :Id(litio]l:(l

33.?  II}il]utcs  of I’lol,e. dat:i  ( ‘/3 ll~il~utes  tota l ) .  ‘1’tw 1’IOI)C

syrl]l)ol  stol ~l~,c Iccl]tliquc \\,;lS t h e  tx(ckq) to ttlc 1 JhfS.

Arlo[twt  l~rcca(ltiorr,  i.c ,,scrr(lirl~,l)  :lckirI]  lc211-lil]lc  Cc)rlllll:lrl(ls,

w:is:llso[;tkcli  [o])lt)[cc( ttlc I)MS iil Illc c\’rrl(  ltw tmcti~,t<~ulld

scq~lcr~cc  tcll]]il~a[c(l. A l l  01 tl]ci~ l:itc ct)~il)~,cs  CI L~Itc(l  ii

si~,ttifrcall( 21110UII( 0 1  tIc\v  work llIat tIa(i (0 Iw c(Jt  III Ilc(cd ir]

Novcl]lllcr (o su])pm  [ the ul]li]lk  sct]cdulcs.
‘1’lu.-l{ckly/Jot  CI iticol cil~irlcct  irl~ sc(]ucrlcc cxccutiotl

St;II (N! [)11 N()\, uI]]l)cI ] 5 :111[1 CI)(!C({  011 }kCllll)Cl 8. ];i:, ut(>s 8;1

10 SC s t rew :11) ovcl v iew OF lt)c tll:(ivilics con[lotlcd  t)y (ttc
scquciw l<ulll]iil~,  corw[lllcrl[ty  \viltl  (Ilc crilic:tl  Cl]pillccliri[’,
scq LIc IIcc \\IcI1. [tic scicrlcc SC(]LICIICCS  l: IIwIc(I  JAI]’, J O I } A ’ ,

a n d  301i  11’. ‘1’tlc  SC(]Ucnccs cxcclllc(l I)caulifully w!itll II(I

Id(lia(ioll  irlduccd  u})scls (~1 sl)iwcui:lft  f;luttsciuc  It) (tic Il(lslilc

Jul)i(c]  crlvirorlr]lcr][. “1’tm Rcl:ly Radio AiItcIIIi:i (l<l{A) \v;is

irii(iillly  Imi[ioncd  ill clock aII~,lc ( m  Novcllll)cr  ?8, t995 ill
]JIc]):II ~llior]  ftl] a ~,y]u (I1 ifl c[llil)l  tttio]l  (I}lc c(ll Ic arl~lc V.’:ls

Jwsitiollcd II IUCII c:lllici  011 A(I~usI 21, t 995).  As ]ml{  of !tlc

Relay Rcdir]css (’orlfiyllrilliorl,” (Im RRA W:IS corllrllaldcd

a~,:litl  10 llIc ])rq)ct clock J]osilio]l  a]lllloxirrl{llcly  3 lIIS 33 rrlill
],]i(~r  to Iltc sldll  ol Illc ]c.lay;  Il]is Corlltll:illd  icsultcd  ill d ().5”

cotlccliw]  (0 Illc ]mil)(irlp,. ‘1’() ]liolcc[ :Ip,:ii[]st ccrldill  fallll

COSCS, IIIC RRA was ]L4LIIdaII[ly  COTIIIIIaIdCd ill clock a ttlird
(irllc  just ])lior  to (IIC Icl;ly ]cco]dirl~,.  ‘J’tlc fo~ll Rt<A  cotlc

lc’])osili(llliil:j,s  Ic(luilc’d 10 sl:ly  ]K)itllcd al [Iic l’lot]c olt cxcuutcd
:IS ]Il:itIIIcd.  ‘1’[Ic  l)h4,S  ]~’cordil)g  of (I]c tclay  ditla  aid slolitl~’,

of I)lolw syrlllmts ill C’I)S tIICi IIOI y atl workd  as I) I: IIIIICII,  ‘1’tm

I’I;)l)C rct;iy data wa~ ca[][lllc(t  l;)r .57.6 I[]irlu(cs”af [Im l’IolIc

dcwcII(lc(l ill ttlc Ju]~i[ct aIIII(KIIIIctc, ‘l’tic J()] followitl~,  IIIC

l’lot)c Icl:ly CxCclllCd fla\\’lCssly;  Il]c ;Kcclcr~Jll]ctcl  Col[lrol]cd
sll(tt(lowl] of tt]c 4 0 0 - N ”  crl~i[lc rc.s~lltc(l  it] OIIIV :( ().1 3(X
()\c.ltJltlll, arid  l)llrrl  Iil[[c \\’;l’. \\’cll \\iltlirl [Ilcs]]ccofj .l(/c. ‘1’tlc

AA(Xnlldl<l’hl  sut)systcr[]<~]cl  lb[illvd  IIolllil];llly  [Ir]d Itoj)l)ily

]Ioljc 01 lhc additional fault ])iotcctio[l 11[21 \v:is addd [0 Ilm

s]~:lcccrail  WJ:IS cdllcd.

‘1’t]c l’rd]c  dclivcly  w’as well Wi(l]iil  (Ilcll’(]l]ir(ll]cr]ls
2\ slIo\vil  irl ‘1’at~]c 1  “1’t]c  SC(lll CIrc C dcsi~ll  i]t(}vi(lc(i  (I:IM irl

lc:tl-til]lc  ttl:llc()rlflr  lllcLltil:ll  tl]c}'l  ~1t~csi~ll:~l  \\J:ls:lc(]Llir~,(t:lr](t

irl Ic)ck. “1’tlis colll’rll]l:tlio]l  w:ts or]ly al  [w) poin[s irl lirllc

durill~  Illc rcl:iy, i.e., S IIlir]u(cs  and 1“/ trlitlu(cs  :If[ci ]l(~rllitlal
rclily slilrl.  Whcll  Itlc I’rot)c I~llp,i[lcc[il]y,  ‘1’c:ilrl  ]cjmr[ ccl over

Illc v o i c e  lIct lII;II the l’I(Jl)c si~,t]al  w:i$ [Icq[rilc(l,  c.vcryollc wits

csla(ic, ‘J’IIc t)ip (]ilcs[io[l (Jftlo\\f l(~rl~ (lIC }’lot)c (I{ltjsrllissioll

corllir]ucd Id [0 \\’:lit for IIIC l’lobe sylrlbol  da[n Icccil][.
orlc  of lt]c [clcrllc(ly  rllc;i\urclllcll(s  ]cccivcd (lurill~

tlIvct  IcOulI[cl  v.’:istllcSt;ir  Sciitlricr  tmk[!,lu(tld  12{(ti:(liortlc\’Cl.
‘1 I]is  \\’ilS  01 ~lc:[t  ill[crts[ fol ~crlcra]  slmcccIat’1  Iml[t] nlld

()]]cl:tli(~rl  corlccr[ls,  afld :[1s0 fo~ (IIC ahili[y  of(tlc  Slal Sc:ltlrlcr

to St:ly “lwticd” or] (Iarlqms. C’:III()[I1lS  \h\ [() be  USC(1  ;1s 1011

Ici’clcIIcc for ]Ioirllitlf, I}]cl’rollc  ]cl:ty alllcrllla  ill It]e cvcr]l  !}IC
~r)’l(ls  Illlllc(l OJI f(ll :Illy 11’;1$()[)’. ‘1’tlc I:l(lia(ioll  lc.vcl I(lsc

slt/II~)ly foll(]\vil  ly,!tlcl oflyl  Jy:ll](lrt’:lcl]  c(l:l”  lc\’clof5?()(l])111sc

Coul]ts  }Jct ]/loscc”  a[ c]mcst a})I]rw\ctl. ‘J’l  Ic Slar  Scallt]cr  Imsl

l(Nk (S} LQlt)  ro(ltillc) 011 (’arl(ql(ls (luriric  tlIc ICldy f o r

:ll)~]loxirrl;ltl’ly  3S IIli[lu[cs.  l:i~u]c  ‘9 stmwfs IIIC .SLII .Sc:lil]lcr

ol)scl vc(l l:l(ii:l(iott  Courlls(llllitt}),  (l Iccl Icou II(t>I aII(i slI()\vs 111:11

III(’  ro(iialiori  at  cllco[lrllct wcrlt :Ilwvc (i Rl)hl of? (I<wiiation

l~csi?,ll  h4:lt~,itl).  ‘1’tlc St:lr Scal]rlcr tla[dwatc w;is  dcsig, (led 10
[I 1<1 )Ivl 01 3, t~ut clcar]y  did DO I llovc It]:lt cdlmt)ility  sillcc  il

“Ic)S1” Itlc l)ri~,tl(csl  av:tildl)lc sl:lr.

‘1’t]c (ctcc{)l] li]l~lliic;lliorls  [Jcft”orlll;irlcc  ort [IIC  low

f,:lirl  :Intcrltl:l  was all  i s s u e  ot’ lmllicular  cot]cclll sill<:c  ltlC

cr]ct)ull(cr  \vtlf 1? d:lys  l~]ior  [0 soldl Corliullc[iorl  wl)crc tm[ll

Ill:lxililurll tiill?,c :l]ld solw scin[illdtioll  cfl’icls occul. “1’tlc

olly,lc  t)clv,’ccl]  [Ilc Slmccclaft  nrd (Ilc SUII wa$ 8.6 dc~, {Is

\,ic\~cd  lIUIII IIIC H:II(l  I ;It ctlcourl(ct. ‘1’tlc ricw I)SN lll(wk V

Ictcivcts Wclu ulili7cd  10 ]~rovidc It]c Ilccdcd tclccolll



0 -

lUJ

2<9.1
J
0’
.)

Wil

4 [m’)

SK,

!’X ,

@,
I !.4%!

ml

7“
\

I

(/’7
lAIIG[  I -

-1
No\f 8

64..  “’RLCVN51NJCTION(1Q)

f!pl B.fl  46e.410  3 ho,
B.1  27056  10,?  km
1CAGEC7  .19$517:45  5{.4U1C  10

+  [)1..1
AL181UC,1  821.3  ,0? h.,
LA1ll  UCIK .90,  0 ok>,...

[1[ 64.

N .1, k,,,

“t
1, I XI, Ov.tb”r,m
\ I LA1 ‘TM 1 t

\
\

\\\

PM .0 .,,,. c!

.A.3/”7kr,  (
A..14l.3kn,

:A.  13,

,,.  .1027 b,,
A s -7.9 d+il

]),1(:1 C[ltolt ‘1 lIIIC “1 ml
((!3YS b(>f[l[L> !0) Sup[)ol  ((’(l

“1 :1{  ~,c’1

-114(01)91) ? ()
.2-/ (01)94) ?7
19 (01)95) ?8
-6 (01)96) ?8A

.3 (01)9 -/1’2) ’29 (Jol)

+ 0,0 I ([)1) I 00)

+ 55 (I(cmll. )

‘ 1 I!llc of Ckm.$[  0J1[N[13C II

“l’CA*
12/7/95 (J”l”(’

17:45:44
41:55  ,+ 29
45:39? ] I

45:.105  1?
45:.$3j  2,1
4s:58  j ().8
46:(K)  j ().1

45:57.’1  j ().()

(k!ll)

I (KK)

-X(K) j 420

10s4 j 126

10so” j 1’15

93-/ j 36

888 j 27
x92 :, p

89-/.3  :1 0.?

(yjrs, :(11(1 II IaIICUVeIS  ‘1’~~hls ?(), 27, ’28, a(]d 28A (SC.C l~i~utc

1 ()). Orl)i[  dc{cl I]]inatio]l krlowlcdr,c  iln[)lovcs  otl a[)l,loncll  10
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I’i<qi{t c J.3. Otlji( 7 tiltt A![ittciii’ct (07A!)-  1
Cotllitl<qcticy

]Jc[lt)tIIutIIcc  fo! (clcn]clly  :ind ]:ldioi]lcllic  ll;tcki]]~,.  S(JILII

scitl(illtllit)ll  cffucls  011 II]c lclc II)c[Iy slal (cd a[ IIlc  cild of

OC[OIICJ” 1995. A]]toxil)la(cly  1.5(l:lyst)cfo!cJ(ll]i(c’t  CIKWUTIICI

llw(l(~\vrllillk  si~tl:ll \v:IsclI:III~,cCi  flol]l fullysuj~l)lcssc(i  cullicl
IIlo(lc(tloi]litl[ll”  con fi~utaliot]  fm llcsl[)clf orlll:lllcc)to  lcsi(l~];  ll”

C;lllict  1110(IC. III IIIC ]Ilcsclwc  of Solal Scilt[illtilioil, (Ilis lIIodc

I)tovidcci col]til)uous” d:It;I  IC(LII  I I  dulin~ l<cl:Iy/Jol  :ItI(i

Slll)sc(]tlcll[ I’i[st  1’10I)C dalll Syllll)ol  lc[lII II.

‘I’l Ic Iolif,sl:il]([il]p,  .)uj)itct :qIIN(mclI  tl;ivi~,;l(ioli  l)]tIII

l(KK)  kIII  ai(i(udc t]avipa[iotl  [nlgctitl~  ]cquilclllcllt  coNld bc

IL’I:IXC(I.
‘1’(:hf  ?“/ u’[IS SC}lCdll]Cd  20 d:lyS [wf ’oIc CllCOlllltC1.

‘1’l]c o]l)it  dclclll]il]alioll  solution  at 2-/ days out (d:i(n cutoff)

I]dd :Ili alliv:ll  litllc 5 scc Cdlly dlld  a[l  10 {Iyl,y ai(i[udc Of 10S4

kIII,  ‘I’l Ic lIIa IIcuvcl w,d$  \viii\’d ofr sillcc II]c Clyl)y Illiss  \v:ts

\vcll Icss [11:111 [tic l-siy, [lld Lllml(:linly,  i .e . ,  1?6 kIII  ill al(i[u(lc.,

As (i:ilileo a])l)ItFIchcd  JuI)itcr,  [IIC (I:ijcc[oly  solu[ion

c(ltllill(lcd  to l]li~l[l(c  ((I\vaId 10 and dow,ll  ill Itlc 11-1’ litt]c as
Stlo\vll in l:iflulc I  I  ‘1’ill)lC  2 SiIows  a  llis[o]y  of llIc  0 1 )

s o l u t i o n s  ald ll)c uncct[airllics!.  Wiltl  r)o o})[ica]  r]avi~::llioll

llll:ifrcs,lllc ll.l/klt()\vlc`  (i~cislll(Jsl:tf  l`cclc{i:ttl(llt]c  (Illccl(aill[y

is Ii]uctl  lliF,f]cl,  i.e., I-siS,ll]:lolJlic:tl  valucsof  3? kl[l  cxl)cc(cd.
“1’IIc 01) solulioil  :1[ 19 days (lLI{ fol ‘J’(’hl  ’28 tmd :Itl al(i(lldc of

1 0 S ( )  klli,  \\itll  o 145 kl]t I si~llla  ullcc][oi[l(y.  Ap,wn IIIC

II):IIIUU\rCr  \viI\ w;livcd of ’f. At (IIC 6 day OU( data cu((lff  fm

“1’(’hl  28A, ttlc 10 flyl)y alti[wlc  rni~ttl(cd below I()()()kll)  atld

IIlr (il]lc Of:i[livai  dliflcd  I/i(cl t)y 9 sccwll(is flo]ll Illc (:[lf,c[,

[:onlitl~cncy  n:lvi~,alioll sll:ltc~ics were being

fol II IIIIIIIC(I []y (Iw N:ivip,a(io]l “1’ctll]l  and discussed at (Ilc ‘I’(1M

1 )csig,tl  ‘1’c;IIII for ca~cs wticic  IIICIC W:LS a bi~, lwst-Jol })c1 iod

et [w.  III ]KII [iclllar,  []iy, J[)l OVCIIIUI  i) arid/or a sutjst~ll][ially  lo\v

10 flyl)y WWU1(I rt’sul[  in SUCII a lo\\’ ot I)i( ]wt iod lms[-Jol II)at

ltlc ((ml  vmul(l bc  collll]t(llllisc(l  due 10 (tic laIg,c  lNOIIcllarIt

us{I~L. nccdd locoIIL’c( (hc (r:ljcc(w y. ‘1’fm  I;tsl sucl) (discussions
(X’CLlll C(i 011 (k’t ?6, ]g~s. 0 1 1  Novct[)l]cl ?g, ]!)ys, I]]c l’lojcc(

:IIIIIIc)VC(I  IIlis cor)ti Ilpcncy s(ItI(cy, y. l:i~ul~. I ? Snows the
])I{,I)LII:IIII cOS[ 10 IUC(IVCI (IIC  rloIllitlol  I(JLII  p,i\cr] ;I lICI;{ JO1

lwI io(l cIIOI it] L]ni(s o f  G:InyIIlcdc ])crio(i  (tl[)])rc)xirl):l[cly  ‘ /

d:lys).  l:i~ulc  13sl Iow’s Il)c Co]ltittp,ctlcy  s(I;\[c~,y costs, 1’01 [I]c
I(J :{i(i(ll(ir  loii, c~I\c,  ttlc  nlliv:ll  :I((il colll(l  t)c cnllict  t)y “/-day

illc[clilctlts  wilt]  vcly  Ii((ic  ]IJOIWII:IIII  cost, otl l)ccc[l]l~ci  1 ,

1995,  (Ilc slla(c~,y  \v:ts acccl~Icd arid (Im’1’(:hl 28A wits \\:li\cd.
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Stm LIy ni’LcI, (I]c JOI  tivcak  \vas also cancc]cd.  ‘1’tw 10 :Il(i[utlc

solu[ioll  d]o})l)cd  as 10w as 888kfn. ‘1’tlc ICcom(ruc(ccl 10 ilyt)y

c(lIdiliolls +IIC sh(J\vn ill ‘1 ’ab le  2.

Apl)Iowh lI):IIICUVCIS ‘j”~:iVfS ?8 :II)(i 28A aII(]  Il]c J()]
lwcok [0 (lIc olltxnll(l Illalicuver 11:11 ;IIIIctcIs  Wcic all Waived off
wilt)  Ilm colllitl~,cncy s[rdlcgy loc IIcuul I(cl 10 at aloii’cl al[i(udc

[III(I  advar)cc  (IIC [i 1 CIICOUI)ICI  da(c onc wreck ([)  June 27, 1996.

‘1’llis Sll :I(cfy allmvcd clilllilm(itl~  spaccclaf(  ac[ivitic.s  a[l(i

II)ctcl)y  ]cduccd  lisk and :llsoll~i11i]l]i7c(l  []IC lISC Ofplopcllarll.
()”1’A4 1 :IIICI 2 V,CIC  also \vai\’c(l olllmausc  of (Ilc. cxccllcrl( J()]

])crf[)t lllancc, lhc 10 ~lyl~y alliludc  It anslaling  into a 10WCI post

-J()]  ]jcliod  of :~pl]loxillla(c]y  OIIC (ianylllc(ic  pclimi,  a[tci (tic
dccisioll  I() atiivc. ti~ Cil CI)C(NIIIICI 0 1 1  JLIIIC 27. ‘1’tlc  IICXI

IIIaIICUVCI  tc’qui]cd :If(cI JO1 was 1’JR.
(ht](iny,c])cy  ],la)ls  \vcIc dcvclqd fol arlolilalics  (JII

[IIC SIWCCI :ifl dl](i  II)c ~,[wr)d.  l’Olctlli:ll  s]mccldfl  f:lults  \vctc

identified Md c]assificci into c:((cgmim, i.e., cio no(}]in~,  }mmilc

ill ludl.litl)c.,  a(id Incg, enc. t:t(c CO II II I)a IId fIlcs. Ttlc only

col]lill~,rt)(.y cc) II II II: II I(ls])lc~,cl Icl alcd Wcvc f(n a’$cl  ilical lIl(dc”

(’1)s  IN IS  11 ’s ( ’1  Im)vcly. (:1)s  1)11s I c . s e t s  Ilavc Occtll IL’(I

I)(IIIICIOIIS (itllcs dulill~,  Itw Inission nnd rcsullcd in OIIC  of (tic

[W) C;I )S s(I il)p,s  goinp, dowt12. S c c  ‘1’;il)lc 3 fol a list 01” (Itc

c(llllillf,c’li  cicscor]si(icl~  ’(i. Illzi(l(li  liO1),l’lo  jcclllc)lic  icsrcl:lli\~c”

10 Icstal lill~ scicllcc scqucnccs Wclr  cs[ablishcd,  as well ~Is (Ilc
lalcsl  li]llc],[  iw (0 IL.ldy (tml al]  a([clII]>l lohl  ing LII):] down (:1 )S

S[linp, would lW ]nadc, natncly  a{)])iOxilll:l(cly  3 d:iys hc(mc

Iulay.

lGri(-161)

311 (100) .?/7 (///)

336  (145)

4. Atlllosl~hcric 1’NIIW l’eIforIII:IIIce  aIld
Scicncc Results Summary

liiy,ulc  14 illus[rd(cs  tlIc Inc(iic(c(i CII(Iy alId (lcscclIt

cvclIts i]) altitu(ic Iitl]c slme u,i(l) kcy acfua]s a(idc(l ill il:(lics.

4.1 l’rc-ltntry
A  ICCOIIS(I m(ion  of the I); ot>c scqucncc  of CVCN(S

t):l\c(l  CJrl[ilc (i]llocJf  I<t`l:ly (clcIllc[ry  si~.[]:il acquisition indicates
[il:l(  ltlc }’loi)c.  (illlcr (illlcd  011[ otl]y 15 SCCOII(iS cmly aflct  its

155 days cour]l-(iowrl,  at 16:()():S8 (l’I’(; , (It] 31n 45s t,cforc

Clill”y.  ‘1’t]c fll St [i]nccm[ closed tlIc rL’l:iys  10 dclmwi\’;[[c  (lK’ 1 ,i/
Soj l,ilt[cr  ils,cor](litiollill~,”  [Ilcl]l  101 cicsccl)[ o],cla(iotls.  Aftct
Illmu[  8 Sccorldst the IIlaill lmwc[  t L’laysclm  cd, aq]lvil]g, ]KWCI

[o [tw ]Ilail]  t)us wtlic]]  ]mwclcd  011 [im 1’Io1)c A-s~lirl~  l. Jltr;l-
St~it~lc  oscilla[ot  (lJS()) aIId [I]c A-s[liti~  I)lt([i arid  (l)tl]lnald

I’IOCCSSOI”  (1 m’). “1’hc 1)(11’  cxccu(cd  i t s  plc-scqucnccd
COIIIII):iIId  S to l)c~iil C()]lllp,ttl:ili()r]  of ltm lML’-cnlly scicncc.

i[lsllull}cnls, tt)c I ,i~,t]tr)ins  ancl  ]Wiio c]])ission  l)clcclm and
(IIL  l[llcl~,c(ic  l’dl[iclc  llls[[ul[]clil  (1 R1)/1~1’1),  \\fl]icll slmlc.
clcu[(o]lics.

‘1’tlc fllsl 5 Ilours ofl)]c-cn[ly  ollc]fl[ions  corlsiste(i  of

a  Sctics of li]llumlts  wtwtc stml sclics of Co]nli}all(is  wcwc

cxccu[cd, AI [tic conclusion or COCI) tilllcou[,  (IIC 1)(11’ coast
[illlct was lcsc(, (1IC 1)( ’1’ was coII)III:III(ic(l 1[) its low Imver

I]]()(ic :111(1 Ihc lilllcr  cou[)tc(i  down (0 t h e  rlcxl  titncoul.  ‘1’tw
LJS[) r~’l]winc(i  ]m\vcrc(i  0 1 1  [llrou~lmtlt,  ‘1’wicc (Ilc 1)(11} was

10
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7 iiblc  3. Catldidalc list of ]Yiu[t Scctt(lti(].v

[:1)S 1)1 R} ’UN TRANSlli  N’1’ 1111S  1{1;S1 i’]’ -
(:I)S S’I’J{]N[; ]) OWN  (S’J’RIN(;  ]<]i(:OVli]<Y
l’Ossllll .1:)
(!1)S lIARI)  I;ALJI  .1’ (Ill .hd, 1.1 .h4) - (~l)S S“l’RINCi
l) OWN (S”l’l<l N(i 1 /0 S’1’)
SYS’I’l:M l;ALJI.’J’-I  NI)1JC:I:I) SAl;l NG - O“I’}ll  [ 1 <
‘1’IIAN  C:I)S  I) I{ SI’lJN ‘1’RANSII{N’1’  IIUS 1<1[S1[1’
(:1)S MliMORY IiAll [JR}; - ~l)S S’1’RIN(i
1 )()}VN/l~l;l:ll( :’I’(JAl  / I) OWN
AA(’S MI;MORY IiA l l  LJI{H
1{1<} I 0S(’11 1.A’I’01<  OR 1<1 K: I(.IV1:I<  I’All LJR1 i “1’0
(’ohll~  ON
IN(X)l<RIIC:’I’ [:1)S I) A’1’A MOl)li
lN(X)I<I<I XV’ l)h4S (’l’AI’ll  RIXX)RI)IR)
C:ONII(;IJI<A’1  ’10N”
N41SI’OIN’I’1:1)  RI :1 .AY  AN’1’IiNNA (S’1’A’1’OR)
N() S1’A(:l((:l?Al:I’ [:Al{I<If R N401)LJI  A’I’ION
(’I’M LJ,  “11” S’1’RIN[i  l) OWN OR  LJVR}{(:)
10W Cil<ollNl)-I<lt ~ltlVl{l)  SIGNAI . Srl’Rl\NG’t’ll-
S-1 ,0 (’IW’I’A  I’AIJ1  TI’)
OSAl)/ASAl) 1S NO-l’  ILNAIII Jtl)
1.0SS 01; S’I’AR I) A’I’A - S’1’AR S(:ANN1~l{
1’AII  (JRE (SIIQI  I))
S1’IN I) I; ’I’l W’I’OR  l~All .LJ1{I;
Ii/l’ l)lSAIII .1; VLII ,Nlil<Al]ll  ,lTII; S - RI)M ()/1’
UV ltli(:  (l)()~Vl  il<~I’llltl<MAl /)
I’ol\fl;  l{ Rlll  .AY SWI’lK:}I I’All <LJRII

po\vclcd 011 only 10 collllllall(l  F1 I,co[lfigllr:l[iol)”  of lhc 1 .l<l)/

IiJ’] :IIJd i( w;is  nol (Illlil  (IK foul(tl  ]mvcbou  scqllclm  (Iml ally

(1[11:1  U’m’collc’(’(d.  Sll:lpsh(m  r)fl ,1<1)/1;}’1 (Iml wl’lcco]lcc[c[l

:1(5.1  ,4.?, and 3.3 J\ll>i[cr  r/l(lii,  cacllfc)l  atmtsix  ]Ilirlu(cs.  ‘1’tlc

last lilllcmll occurlcci  lh 41H 57s Iwfme  cn[ly  :1(I(I  mn(illuous

10’1 dn(a \vcIc mllcc(d  flmll 2.4 Jul)ilct  ]dii  10 IIIC 101101 (Ilc
a(lllosphcl c.

1 ‘iwil I~]clJ:lld(iOrls  fol cnli  y twp,alt 28111 16s Iwlwc

entry \\’her] Ihc Ncu(t:ll  h’fass SIICCIIOIIIC(CI  (NMS) }JL]III]) \$Jds

[ulfd 01110 Cnsulr  a vwuulil  in ils quadlalmlc  a!mlyycr; 11-
stlit]~,  1)( ’1’ ~vds  ]Iowcrc(l o]I, clmt)lillg lc(l Llndal Il 1’IoIIC

ol)cri~[iolls; (IIC  Att]losj)l)cric SIILICL(IIC  III ShLIIIICII[ (AS1) was

I(II Id 011 :111(1 c:llit)rii(cd;  nnd (he NcplmloInc(cJ  (N1 II’)  W:(S

Iul id or],  calit)]i((cd, and (Ilc[l (Lit Jlcd off.

4.2 ]htl’y
At 1()]11 ~8S i)cfmc CIIhy, tlIc 1’[ ok tmp,du s(oi ill~,

ctl(ly  IIKXIC (1:1(:1 {m tlIe AS1, mllcc(ing,  accclclatio]}  and Iw:{t
sl]icld  {Iillil.  ‘1’llcSc (Iii[:i WCfc St{)ld irl :1 rccyclin~  II) CIIIOI)”
Iwlk’1 ({) Cnsulr collCCti(MI  of (IIC da(n  dul ili~, the.  dccclcl ;ttiol]

aIId lwa[iIl~ [)uiscs.

1 ‘Iot)c cn(l’y W:ls(lcfillc(i  (() t)c  Wtlcn tllc l’ lobe ICw’tl(’(1

aII nl(i(udc 4 5 0  kln :IIWVC the I tmr pICSSt IIC lCVC1. A

Icw)lls(rucliotl olltm l)lobc c.vcn( tilninf:  hase(l  OII  ltm kIIowt I

Iilllc of lclcIIIc(Iy  lock-ul) itldica[rs  11111[ crIhy (wcul Icd il(

2:04:44 U’1’~. ‘1’wo Ilmhal]ical  (i-swilct]cs  scnsd Illc  1’IOl,c

dccclc]alion  ]NJlsc ald ltlc ti]llini:s I)ctwccll  ttmil X(ualimls

and [{’SC(S \vclc  Llsd (()  Calculalc Wllcll to S(:II  ( dcscclll

()[ICI  d(ioos.

fl,3 lk’scc’llt

I ksccIIl O1)cI :itions l)cp,a[l 211) 4“/s af(cl Cllll y wlwll

[IIC l’iohc cI:II:I for]ll:l[  ch:lngcd (0 dcscctil  forl]lal  ond all

ills[l  ullicn[s  wclc. tulllcd  011. ‘1’hc Ihcnnal  txrllc] y \vas wlivalcd

lo ]mwcl  [tw pyl(ltccllnic  Cvcrl[s,  \vl]ic}l  included dcl)loyllwnl

Of  (tic pilo[ chulc , Scvclilrlcc  Of (I1C Cahlcs (() (tic’ :Ifl cowl,

Iclcim Of the :111 COVC1 \vllich  JIullcd 0111 IIIC ]Ilaill  lmI:lchulc,

Scvcl:lllcc  01’(IICC:I1)lCS  to (I)C for W:ltd  twat sllicld,  rclcmc of Ilm

k)I\v:IId IIC:II  sllicld,  aII(l (tc}]loyl[lcll( of IIIC Nlil’ aIIII.  1):1111

Ilarlslllissiol)  10 (IIC oll]itcl  began 26s atlcv ltlc stall Ofdcsccnl

olmvi[liorls,  illld  the’ si~nal  was acquitcd  by IIIC  1’IOIK  [cccivcrs

011 (llcoll]ilcr3~lsl:l(cl.  Sos:lflCl  ltlCSl:ll lof{lCSCCl llollClil[ioll  S,

ltlc(1211[l  sl()rc(l (lllfillg,  J)lc-Cl][ry, cll(ly,:lll(l  c;lrly(lcsccr)l  t)cg,:irl

1 0  bc illtetlcnvcd  wi[h  (Iw r e a l - ( i l n c  dola, ovct  (tic ncx[ 43

Illinu[cs,  IIlcsc  Illclilm”y  clala  wctc rmd 011( twice. ‘1’lm l)ld)c

IC:wtd ils ]Hillldly  I]lissiot]  goal, (IIC 10 tmr pressure  Icvcl,
35.3111i[llllcs:lflcl  crllty:il](l  c()]l[itlLtc(l (()lt:lrlsfllil  cl:il:l:lf[cr  lhc

[M CSSUIC tml rcactd [IKMC  tlmll  23 [ml, 61.4  Illitlu(cs atlc[

C’llhy.

4A Rcl[l)
‘1’hc ~)1 t)i[Cl }$’:1s C(H)  fi~,ll ICd f’ol }’lotK! ]L,  h)’  \\’c]l

bcfo[c  cn(]y. TtIc l{elay  Radio }Iardwarc  (l{ f< II) IJSOS,  were
]xJ\\’clcd  01] and II]c Icl:ly anlclllla  w}ls ]msilionc(l  fol 111: sl:lll

ofdcsccl)l  9 days twfotc cll(ly;  (t]c ]cceivcls  WCIC  powctkd on

1 ().4 houis  twfolc  cll{ry.  ‘1’hrcc ttlinulcs  before I)tcdic[cd cn[ry,

Illc ()]hi[cr data fol-liml  was cwlnll)illldcd 10 (IIC  lo\v  I:I(C  l’lohc
I’o[llla(  and (IIC tiilw  Iccwdcr t)c~a[] rcco]dir]:, d:t(;l, At si:nal
:(cquisitiorl,  lt)c stoIf IF,c of l)lot)c ditto  was twgufl ill (IIC (;1)S

RAhl to tmck  lI]J  t~m [:IIx’ ICC(WdCl ‘1’() iIllow fol rcall-liltlc.

vclil’lca(iorl  Of ]clay, s]tapsho[s  of ttw ]cccivcr  d:lta wclc

(Iiirlslllil[cd (0 lnr[h at IA8111 and 11+20111. ‘1’tlcse snal)stm(s
shou’cd  ltml [K)(l) Icccivcls  had ]ockcd u[), t)ut li[(lc  IIIc)tc  v.ms

krlOV.’ll  rot Scvcliil  d:lys. ‘1’t]c  Icl:Iy an(cnna wx rc])ositioncd”

four lil]lcs dut in~ lcl[ty to follow  Ihc I’Io1,c. Af[cl  8 I llli]iu[cs,

tllc Obi(cl dala fol IIIa( W:IS ctmn~c(l, rcccivcts  wctc  IUI Id off,

tclay  ar]tcnno s[owcd, atid conl~puratiotl  fot J()] twg;ln.

4.5 ltngiltcctillg l’crforlnallce
‘I’tictiltlcc  )fl’lol)csigll:il  acquisi[iotl  (s(OIc(lC  )11-1 I();It(l

IIIC (hl)i (cl ) was r~’xl out (tic dxy atlcI cI\(I  y  and fouu(l (() t)c

al)(Iut a IIlillulc la(cr [ I r o n  c,x])ccted.  1[ was not illllllcdia(c’ly

klmwl whc(tlcr (his \vas duc 10 a lalc ml ival Of lllc  l’ldr or
\vl Ic(lw I (tic. sig,llal acquisi(iw lI:K1 l)ccII de layed,  Will)iil  ii

wccfi of ]cl:ty, all II]c l’lot~c  dat:i stmcd ill ttlc (’1 )S RAM had

l,cCII ]cad ml(,  aIId al(lmugtl (lIc d[Ila \vcIc Imisy  aId had

[mldy,cs duo to Il(~isc fl(~ln sulm iol Cotljullclic)ll, tlic Ovcldll

IIlissiorl  sucmss  could 13c vclil:cd:  ]Itc-crI(Iy aII(l  cIIlly dala

\\’CICS(OIC Ci[lll(iI C(llIllC(!  pl(qlclly,  all illsltL]lIlc])lscill]lcoll :Illd

pli)d[lccd  v:llid  data; and lllc  Iitlk hwl Iwcn IIminti(illc(l lo] 57.6

rllillulcs. over  Itw nrxt scvcml mor][tls, cvc[y  lhobc d:ita  I)i[
uI; i\ vuiflcd a[d all I)ul 3.3 I[lirlutcs O f  ltw Icccivc[ d;i(a

(collcc(ul  il]osl]y  fol rwiio scic]lcc) IClLIIIICd  aII(l vc[ificd.

4.61 )ccclcrat  ion Module
‘I’l Ic l’tobc’s dccclcl:l[ion  JII()(IUIC tla(l (m) mnj(w

f’ullcliOtls:  10 ])tovidc  IIm]ll];ll  colIIIol”  (Iulirlp,  c[Llisc  :Ind C(MIS(

:Ind It)l)lo[ccl  lhcdcsccl)( ln(dlllcdu[in:  (Iw crl(ry.  l;orl)oll]of
(Imw,  lllc dccclcl  atioll IIWIUIC pct[o]  Inancc wds cxccllcvl(.
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“l’CII)[)CI:IILII-CS duling c r u i s e  and coast w e r e  IImil)laincd HI  tbc

m)lliillal  ()”C Icvcl cxccpl durinp, in(a  vals w’hcn (Im OIIJi(c  I
WIS ILIIIIC(I  f(w 1 IGA anol]laly operations.

‘lhc ]WI(M’IU:IIICC of lbC I) Cal shit.]d dul illg,  cnll  y was
p i[nar  ily dc(c[ll]inc(l  by (I1C sulvival  01 [I]c l ’ lobe [III(I  ttlc

s u c c e s s f u l  o])c)[llior) through rcl:ly. lMl:I wctecollcc[c(l dLII itlg

II)c CIIIIy,  lIOWC\JCI,  by IIIC A S ] ,  sbowillg  (tm( (1IC dccclclat ion

pIofilc olthc l’lot)c was vet y II]ucb as cxlIcclcd, }Iavi]lp d IIC:Ik

dccclcI  a(iol) of 228 .g’s. Analog Rcsisl:mcc  Al)latio]t  l)c[cctor

(AI<AI )) SCIIS(MS WrCIC clllbc(klc(i  in tbc bca( st]icl(l  slid wcic

USC(1 by tllc ASI IC:IIII  10 caiculatc tbc heat sbicld slm{)c a[d

111:1ss loss dllrill:  Cnlly. ‘1’tlcsc Scllsor’s Shwcd  (Ild( ttlc IIlass

10ss WCIC  VCI y close m the pcdictcd vduc  (90 I@ but Ic.ss

]na(crinl ahlalc(l  fronl tbc nmc of (bc l’mbc heal shield, ;Ird

II)(M  c fl oin ttm side. wl~c.n  cmparcd  against cxpcctdt  iotls5.

4.7 1)(’sc(’llt  Module
‘1’llc l’fobc dcscclll IIlodlllc  ~)cl fol”lllcd  Vcl y  W e l l ,

collcctitlj: aII(l hmslllillirlg  tllc Ii]s[ ill-situ  (I:ltd fIOIII  tbc

illlllos]hclc  of :tll olllcl pla[lc(. ‘1’IICIC Welt’ (\vo llclfo[lllall(’c

illl  Olll:lli  CS,  t)otb o f  wllicb  had al I irnlmc( (m (1IC scicncc a$

(Iiscussc(i  below.

4.7.1 Iht:l all(l COIIIII):IIMI
All  co]nttlaMIs  tha(  could he vcrific(l wrrc wxificd

(II~:iIJy wwc redundant) and thc~c wcIc no iridic:ltiom  of aIly

C(MIImaIKl an(malics  tbrougb(m[  lbc Pjobc IIlissioll.  l)m
s~ola~c  atd fOI IIm((illp, also  was flawlrss. 110(}1 [i-swi(cl)cs

Ilctiva (cd ald lcscl  as CXI)CCI  Cd, howc.  vcr, it apj)c.nls Ihcy wclc’

closs-wi[c.(1, tbc (il]lcs  fo[ Ibc otlc. swi[ch  being rccm(lc(l  :IS IIIC

o(tlct  :111(1 Vice-vmsa. S i n c e  lbc lirncs  Of lbcsc [i-swilc]l

w[iv:ltiot)s wcIc used by Ibc 1)(3’  to calculalc  ttlc [illlc  10 sl;llt

(Icscmt  o]}ct:ili(ms,  his rc.sullc(l in a 53 sccml dckiy ill [he st:u t
ofdcscclll.  O])cof  IIlc  scicncc ot)jcclivcs  wfts tobcsill  dcsccl I[

opc[atiolls  [Lt a plcssllrc ICVCI  of O. 1 tmr, C.rlsul in:,  tlm( d:iltl

collcc[ioli  atmvc [lIc visible ml]m(mid  clouds wwuld occur. ‘1’hc

fit st dcscc.r~l dat:l,  howcvcl,  Wctc in fact not collcctcd until  tllc
lMCSSUIC wasdbmil .45 bws. ‘1’his imImclcd  tbc.cloud  irlstlulltctlts

:111(1 thC Wind 111 C[l SLll C1ll Cllt S, Whi Ch W~lllCd  (0 colfclatc t}l Cil”

dd(:i 10 lbr rclllolc sensing Of tllc cloud tolls.

4.7,2 I’OMTI’
‘1’tlr 1’10[)C’S ]K)wc’1  Syslcln, cOrlsistin:  o f  1 .iN02

lmt[crics {III(I  IIlcllllal  t)atlclics,  I)clfot{llcd  pc[fccl]y. IIus
vo](d~,cs  \\’clt’ IIlail]l:lillcd  atmvcIN]llilcd  ttllcsllo](ls[ llloll~,llo(lt

(hc Il)issior]  :Ii)(l  [bc mission ended before the lmttcly  v(llt:if,c
Sllow’cd nny (Ilq)-oll’. ‘1’hc llICIIII:Il ba((ctics, wllicb  ]mwfctc(l

(llc]t)’l(l(cul]  llicc\’cllts,C)  \lc.r~\(c(l  asrquire(i  an(i nll pylotccl~)lic

cvc IIls  lilcd w cxpcctcd at  Ibc slat I Of dcscclIt.

4.7.3 {~{jllllllllf)ic:lti{)lls
“1’bc l’tobc c-()]t]rlltlrliciili()]ls  syslct  Il pcr f(M IIIaIICC is

illuslldtcd  in l;i:ulc  15. ‘1’llc output Jmwcl of tllc lc(llll I(l;\l It

llilllSIllillCIS  lctllair]c(l  fnilly  cOnStal Il ul]lil 51 Il]inutcs  :Illct

cl)tly  wlIctl  [bc 11-s(rill: llanslniltrr  Ollll)Ut p(WCl (Ilq)l)c(l

su(ldcnly. ‘1’IIC  A-s([ill~  cott]]t]~tl]ic:~tio]ls”  stiill: (lid II(M strew

a slI;ltIJ  (l  I(q) O f f  until [Ilmut 1 1  minulcs Iillct,  :111(1 wtlcn i t s

[J()\\’cI(lr()])lJc(l,  IIIC I]lissi(m  cII(lcd. ‘1’bc A-st[  il]~ OLI[l IUI ]Iowcr

I “--

P----..-, :..’. >
a m m a m m M

mktidw

1,’igllrc 1S. l’tdw 7’t’at/.vtniflf’r.T  Oi[ll)llt l’o)t’ct’

did  show aII LIIILl  SLIal sip, na[utc  over Ibc Ia$[ 12’ Illinuks  of tbc.

Itlission, slowly  dro]ll)ing  :illd (llCII lisin~ a~,aiil.  OIlc possibtc

c.k}~]oila[iotl  fm ltlc UIIUSLIIII  si~llalu]c  ill A-s[rir]:  ]mwcI  is Ib[lt

[lIr (ratlsli]i[(c[,  wbicll Was ill a scaled box,  cxi)cricncc stI Ilc(uIdl

dcforlnalion  lIIJIII the inctca$inp  prcssuic.  ‘1’bc sbarlj  lm\vct

dl<)]~s n( tllc cld Of c;lct~ stl illp,s  O}wtaiions  alc bclicvc(l to bc

duc to cxcitcr  failulc  duc to tbc irlc[c:tsill~~,  lc]npcraturc,

4,7.4 ‘1’Jlcr.J,]a]

“1’tlc  Jovi:ln  :I[i I)oslIbcIc  tclnl)cr(iturc  itltt~,cd flotll

below’ - I ?oo(~ at high :Iltitudcs  and low ~)fcssiltcs,  to over
1 5 0 ’ ( T  at ttlc C!](I  or tl]c IIlissioll  Wttcll tllc Iwcssurcs  lcacticd
{ltlOUt  ?4 lI:IIS.  ‘1’t]C ])IobC dCSCCll[ lllo(llli C \V:l\ IIOLSC:IIC  (I:,  it h;d

a ctlilllllcy in (bc aft cd 10 allow tbc pr-CSSLIIC  to c(]u:lli7,c  with

ltic cx[eliOl a[l IIos~~lIc[I-’. ‘1’IIC (t~cl  IIml ~]\OtccliOn systenl \vas

l):l\sivc, co]lsisting oltbc][nal  bl:lnkcts aII(l bn{fling, 10 lc(lucc

oil flow, aud was dcsi~, ncd to k e e p  t h e  instTulncnts  and
ctl~:illcclin~  Sul)sys[cll)s  bctwccrl tllcil  OIlcltllit~g  lciI)]Jcid(uic

Iilliits  of -200C :11](I  +500~  t}lmup,b 48 ]Ilinulcs  ol (Icsccnt.

lili~ht  Icsu][s  sbowcd  tlml ttlc tllc[lll:il  pro[cctior~
systcnl  did not plovide sufticicllt  i s o l a t i o n ,  as all Il(Isl all

ills[lllll]c[)ls:irl(]  subsystclns  cxI]c[ictlccd  tclilI~cr:~t(lrcs  c) Lltsi(lc

oj’[llLti!()])ci<lti[l~  L’:lnf:c duling  thcprilllary  tllission, Alttmugb

ttll- :ltllloSJ1bCIC  (CIIIJ)CI  dtLl[CS  \\’CIC.  \rCly  CloSC to CXpCCt:ltiOllS,

tcl]lj)c[a(u[cs of solllc  i[lslluillcllts  Icactlcd  -50”(: atd wctc as

}Iigtl  as 1 ()()”(; aftcl 48 Illitlutcs,  ‘Ibis has causccl  several of the

in\[lulllcnts  (0 lcquitc  calibtdtio(l  tcstirlg  of tl)cir s]mrc

cq~li~)lllcnt to uldctstald  ttlci! da(n :1( tllc flipl~t tc.lll~)crntulc
I)lofllc,  })lclilllin:lly  all:ilysis of tllc :ttlollla]y  suf:~,cs!\ ttmt  ttlc

Cwllvcctiml  On ll~c ]’ld>c was n~uch hiphcr  ttm[l  cxlx:clcd,
I]l<)txlt}ly  duc [0 itlc[c:lscd ail  I1OW till  ou~ll  llm l’lobe till  OLI~lI

(l]c ttnscald  act ofiiit il~~s, tu[hulcticc, aII(] bul’fc(ing, IWIIC  o f
\vl]icll  Id bcc[l silllul;ltcd  in ~lOLllld  tcslitl~,.

4.s 1{1{11
‘1’tlC R(’lilJ’  Ril(liO I1[II(IW:IIC  (1{1{11) Otl ttIC Otbilcr

co[]sistcd  of a  Jm[atml  Oid :Il)lcIllI:I and tww 1~.cci\’cls.  “1’l]c

Icccivcrs  :Ic(luilcd  tllc l’lobe sig]lal  well within tbcir [cquircd

tiillc Iilnit ad IIlain[:tincd  solid lock on tmtll  data s(rcallls with

O n l y  ol)C cxcc])tiwl  tlll(lllp,bout rclny until ttlc Olltl)Llt I)()\\’Cl of

tt[c l’IQbc l[ans!t~it(cl dIopl)cd. “1’bc sin~,lc cxcc])tim occul Id

or) 11-st[inx at  4-/  lIlirl Lltcs aflc[ Ctltly WlICII  IIIc data bwalIIc
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VCI y  noisy  WI(I could not bc pmcssc(l  thmugt I  [he ~l”olllld

C(Mlll>LltCTS fOl :\bOLlt  I SCC(Wi. ‘1’hc  sip,nal q u a l i t y  Ircovm C(I

solidly allc.r  this inci(lcnl  and it dms  not appear (bat this ~:lilch
w a s  caused l}y (tic S:IIIIC pl)ct~omcrmn  (lid cn(kxl  lIIC Ii Ilk

scvcval  lninLl(~m  latc[. Noda(a wctc lost as [hc A- and 11-s[tirl~s

WCIC lully redundant a[ the time.

‘1’hc atilcnt)a was con[lollcd i n  clock ai]p,lc t)y (I]C

( h  I)i(cl AAC;S  Llsiil~  gy]m  fw roll  stabilin[iori.  ~’tlc COIIC

nnp,le wm SC( well Imfmc le.lny to (hc itlil  ial Ollglc rcqui[c(i I_ot

the. [!1s( 3? llliIILl(cs of Iclay. IIcgillllill:,  tit 32 )l~inules, IIIC

an[cnl  ia C1OIIC all~lc was s(cly]cd once every 1 () rllillu(cs  10

follow”  Ihc l’lobe. ‘1’here WCIC Iloall(clllla  a[)oltmlics (hloU~tloUt”

relay.

4.9 Scimlcc  Rcsulls
‘J’hc 1 RIM 11’1 nma~utcd }Iigl)cllcl  gyctlaigccl  lmI liclcs

II;i])j)cd in Ju[~i(cl’s Inagrlctic field as the I’Io1)c approwttcd

JL!]~i(a.  Ncw I:di:ttion belts co!lsis(ing  of hc.]iL\ll\ ald hcavicl

ions WCI{: (Iiscovclt’(1  (hat extended 10 wi{hi]l  ().4 Jovi:in  radii
ol’llIc atlllosptmc.  ‘1’llis  Wastl)c  fimt tilllc a s]xiccclaf[ had I)rcl)

l~iis c1OSC  to Jupilcv ancl  c o u l d  IIIc;lwIc (hc mdi~ltiotl  ]CVC]S  itl

(Ilis rcsion .(’
‘1’llc cntly  silt was irnagcd in the infl:llc(l fIOIII  liarltl

OII  tlm (lily o f  c.rlcOul Ilcl wilhin fin h o u r  O f  e n t r y . }Ii.gtlct

resolution ilnages of the cntt y site WCIC Llrl:ivailzlb]c  duc to the

(ape rccOJ dcr anolllalyon  (Ilcoll]itcr,:i[lclsolal  :ltlglcco[ls(l-tiillts

fOI 1 lLIII1)Ic Spdcc ‘1’clcscopc,  ‘1’hc i]n:igcs s}mwc(l  tt)c cntr y site

vm :It IIiccdg,c ofa “1101 spol”,  an mca where. it is t)c]icvc(i thclc
alc vcly  few clouds and the heat oft]Ic  l)]ar)cl  illlcl”ior  I“ddiatcs

0UtW{ll”(i.7
‘1’t)c  IIC])]Ic]mI)ClcI (Nltl’)  ({:11:1  COIlfillllE2d  (t]a[ [tm

cr)tly  site was Iclativcly  C1O U(1 free. ‘1’k  C1OLI(IS visible frofn
l;ar (II, tllc :Ilntl)orli}l  clmds,  arc c.xpcctc(l tO bc  at  a  pIcssLIIc

level oflcssll)nr) (K)oltlbar.  l)llctol tlcla(ci  rliti:llioilo  f(lcsccllt
c~])cratiolls,  (hc NI {}’  clid no[ have iii) oppor lLlni(y  to detect  ttm

ammonia c]oud layc I. It did detect a very (hit) clOLd in a leg, ion

l]mlcls  indica(c rlli[~h(  t)c amlnonia  hydrosulfldc  clouds, at a
I)rcssulc lCVC1 {)f 1.5 1):11. W:[ter clc)u(ls WCIC cxj)cctcd a t  a

]) IC!SSUIC lC\fCl  {)f :lt)OUt 5 b:ll  S, bll{  110 W:ltCl  C] OLI(]S W’CIC  S(’CII

at all in (I)c NJ;}> imtrumcnt.  x

(~onsis(cllf  with the Nl~l’ ]csu]ts,  the Nc( l:Iux
Rndioll)c(cr  (NI~J{)  did not scc the cIIcIgy  ilux patterns  (Imt

WOU1[] ildiC(l(C (hi Ck  cl(Nlds, ;11)(1 ill f21C(, N1(l<(I:IM  SUg,gCSIS ttl[l(

tllc w~ltci lcvc.ls  vmc  si~nificantly Mow so la r ,  muclI lower
lhan j)lcdickxl  by plc-cr)cfm[ltcv  Inodcls. “Ihc NII’R  did not scc

:ll)ysi p,tl;ll (llcsc) f(llc:ti  lllil[)  tli:it)ycl  I()s Lllficl ccl()tlci s)t)L]t(lidscc
sO1:II r:dii~tioll  Jluxm  awociatc(l with the uppcr[llmt  arlllnol~ia

clouds tl)ilt  the NI~l’  ll~isscd.y
‘1’hc. 1.1<1 ) dzita is :11s0 corlsistctl(  willi a watcl  flee

lc~,iorl  :It lhc cIIlly sik. 'l"llc()llly  lllccll:irlistl  lkr)Ovtll () J)ic)(l(lcc

li~,llltlill~ is w:ItcI c](m(ls, and Im local  ligl)tnir)c was imlicate(l

by the oplic;ll  scIIsoJ  and [tm radio emissions dctcclor sensed

OIIly vc! y (Iis(ant Iig,tltnit)g. Overall, [hcl  ,1<1) dctcc(cd  d ~lotml
li~l]ttlill~,  I i~(c  ofalxml one tctl[h Of }it 11], hul tl)c clIcIp,y  ill c:Icl I

twit w,ns atxmt tcn tilllcs thal of tyl]ical }ta[tll li~l](nin~ boll.’”
T h e  A S 1  datil inclLldcd IIN dccclc.t:ltion ad Ilcat

shield  dat:l  takcl)  (hlriIlg  entry which was LISCd to C~lCLl]:ltCd t}lc

lII)])L’I  atllq)hclc  Sllllc’tlltc. lhla indic:ttc ttw( tllc LIIIIICI

:It!l]osl)hcf-c is much denser thal~ prc-cia]  ileo  m(dc]s  prdict  cd.
] hlliIlgdCSCC.llt, thC AS] ll)C~SLll  Cd {lCCC]CI:l(iOl) d hllbLllC[lCC,

I)lcssurc :IIKI tcmpcmlurc. Ihc ASI pressure scnsms  were
]J:lllicular]y  sensitive 10 tc]lll)cr:(tLltc [IrId Llr]ccttain(ics Iclllain

l:~rp,c a l  t h i s  tilllc dLlc 10 Ihc ICll)])cl-aturc  anolnaly. ‘1’hc

k’ll)[)Cl”:ltLll  C/l) ICSSLIIC lllofik!  (l~t[l SCCIIIS to iIldi C:ttC  thC

al[tlos~)tlctc is slahle, a Iatllct uncx])cctcd lcsul t,”

Thctc wctc t w o  ir)s[iull)cl)(s  w h i c h  IIlcasurc t h e

al[llosl)tlclic com])mitiol  l.” ‘]’hc }icliulll At)undnllcc ])ctcctor

(} IAI)) a c c u r a t e l y  II IC:ISUIC(I  tltc r:ltio of I)cliuln to lIy(lI()~cI),

‘1’llis  value i s  il[lpolt:t[lt  in (111(1(’tst;ltlclillf: I)lmIct:Iry  c\wlulion,

atI(l (IIC  mcasut’ctllellt  lakcn, 23.8% b y  Inass, indicntcs IIldt

Jul)itcl’s overall colllImiticm  rcllmins  si[llil:ll  to the original

C] OLI([  that fol I)lC(I the solar system. VOyaScl found ttl:ll  this
rdtio is rcduccd sip,llific:lnlly  at Saturn,  irllillying  thnt JLlpitcr

a[ld Satur n Imvc evolved alonf, different p:iths.’z

‘]’tw  N M S  lllC:lSUICd the :llllOUlltS  of c]cl]lc]]ts arid

coIII])ounds thluugt] at(n]lic IIIaW  Unitsof  150, ThcNNIS fourld

tlld[ cmlmII  anti sulfur hove two to tl]rcc till)cs p,lcatcl  lclalivc
:lt)L]ll(l:tllccstt~at) in ltlc Sun.  “1’tlis ilnplics(l tat coll]ct s:lrl[lo[t]  cl-”

sIIIa]l  tmdies  hove ill]]  )ilCtCd Jupiter ttlf OLlg,tmLtt  itS hislor’y  and

deposited Cxtld IIlatcrial.  oxy~cn  is :Inothcl clcmc.llt  cxpcctcd
to bc ctlhnnced  by [)lanctcsillml  impacts, lml  il was foLlnd to bc
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F,ILa(ly dc]dctcd. As oxy~,cn  m Jupiter is tied ul) with  the
tlydio~cn to lllalm  waler, tliis V:iluc is consis[enl  w’ittl  }mucity

ol’clc JLl(is( lctcctc(lt  )yottlcl”  itlvcsti~illiorls,  t)lltlllclc’:ls(  lllforits”

dcl)lctiml  rclll:iins UIIKI]OWII. ‘1’hc las( few NMS d{ita  points

~,ivc a tlitlt Of a cwlsidcrably  inc[cnsed water al)undarlcc  at

dcf)tll :istllllcl) tlst\}’iccsol:ir.  IIowcvcr, (tlcsc(l<ll:ilclll:lifl 1 0

l)c vcliflc(l l)ccilll$c of LIIlccil:iitlticsirl  ttlcc;{lit,[  :i[iotls:lllcll  lif,ll

ill S(l UlllC.Ilt  tctll])cl:ltLl[  csocc(lrillg,:lt ttlccll(l[)ftllcissi{or~. If

ttlis inc[caw ill watci at p,lcl\t dc.])tl~ i s  \clificd,  t h e n  (1IC

lllcclli~nislll  fordrying the atlnm[)hcrc in lhccntry  region to this
dcl)lll  is a lnajor ltcw scicncc quc.stioll.  ”
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‘1’hc mliO signal f’rcqucncy  Of  [k link bctwccn Ihc

}h(hc aIId tlIc Chbilm  was used 10 c: Ilculalc (Iu.2 winds du]ing

l’ldw dcsccnt. l’hc  I)opplcr  Wind 1 ;xpclilllcilt (I)WI:) fmld

IImt lIIC winds wclc higher  than cx~mctcd, lcachirl~:1  V:IIUC Of

atmt I 80 11)/s (4(10 IIlph), find rclnain  ins high ttmu~l]oul  the
dCSCCII[. “1’lm  wind plofilc.  is Llscd (0 Cxai]linc  Wlmt is drivir]s

[IIC WC:  III  ICI 011 Jul)itct,  [id [be. col](illucd l~ig,tl winds  at dccl)

levels sug,r,csts  tlm[ llNcnct  F,y d[iving,Ju]li(cI’s  wc;~thci CWIJCS
Ilmtl ils in[c[ior.’d

~. ]’l”(JhC’  ]kila  ]tdlltll

‘1’hc 01 iginal  plan 10 l)mvidc  func(imally tcdondal]l

rnclhds  [0 l-c’(lll’ll  [IIC l’KtX d:ll:l  was [0 r’cl:ly  (IK da(a dilccl  [0

li:lt{h in wtll-lilllc  via tlIC OlbitcI  }Ii~lt-Gaill  AII(CIIII:I  (I I(;A)

and Silllllllilll CC)lJsly  lCC(HII it OH  [IIC Obitcv Iapc ICmdct

(l)h4S) for  latu rcI)lay. Will] (I1c failure of IIw }IGA, lhc IIl:ItI

w:ts IImdif’ic(i  10 usc tbc (11)S lncnlmy fm Icrf Llrldan[  slorasc

fc~l ;It>[)(ll Il:llf  Of ll~c I’IOIJC S~lllt)Ol data, wi(b s(OI:[~c  lilllitc(l t)y

i(V:lilalllC lllClllOly.  (’I’I)C.  tCllll “1’IObc syllltmls” rcfcts  [0 Ihc

uctual  c(~tlvcltli(i(~rl[{lly  cncmlcd dala b i t s  cmlli  n:, fro]ll  t}Ic

l’Iobc, IN]( cxchsivc of h additimml Icceiw in fOrtllatiOll thal
\V:lS  :lt S()  SIO1’Cd  01)  [bC  l)hls.) “1’hCll, Wtlc.r) tt)c l)N!S :Ulollldy

OCCUIIC(I Icss tball t w o  II)on(bs bcfotc m I iv:il, (tic ]JI:III  was

:Ip,:iill  I]l(xlifi cd. ‘1’IIc  (Iccis ion was Inade not I() usc the lJh4S (w

IIigll  rate rcllmtc sensing ]ccmiin: dutitlg  the apl)twrch  atd
cncmn[cl.  (See sccli On 2.) “1’his  aclion  rcd Llccd  tlIc Tncln(lry

]cquitcllwrlts  fm Ihc crlcmlnlef  scqucncc  cnm)gh tO allmv
all~lmt co II Iplc(c st(mp,  c. ofonc string of (be. I)tobc. syIIIlmls  in

l})c (;l~S. lii~ulc 16 sj@Ws  tllC final  plan  fw stmiilg  lcccivcl-
(Iahl for tllc IJWI i (Only Cvcl y Otbcl’  Illcasulcll)clll  W’:1$ Smc(l)

and sclcctivcly  SIW ing Ihcdah  frmn  tntll of thclhhc [clclllc try
Stiings. 1 ;xtcldcd data refers  10 Itm addi[iorlnl s(OIN~,c Iltal

I)ccml]c pmsit}lcnflcl  Icdllcing  (Ilcoll)ilcrcllcolllltcl”  obscr  vinp
scqucllcc. ‘1’llc. full Scl Oi-1’iol)c.da(a  \vas Successfully Iccor(lc(l

on (jm l)hl S. h4ml  illqmlan(ly,  Ilfxll  lclc]l)ctl y st] iny,s wuc
tccmdcd  101 Illc cnlilc (irnc fm ~m)tcctiOn agaius[  diqxmts w)

ci(hc[  SII ill~,. Addilion:ll  dd:l  ICCCNCICCI  on ta}lc, [mt not s(mcd
in tttc (’1)S  duc to Inclnmy  Iitlli(;iliotls,  incldcd all tllc I)W1;.

IIIc:IsLIIC’tIlcrIls,  1<1<11 rcccivcts dola,  and dalaqLldlily  bits  Ott IIIC
l’ic)bc  d~Ild  ~[clIclalcd b y  (IIC  1<1<11 Icccivcm.

‘1’IIc  pla Il fOt ljIc slmcd syII)bols  wm I(J lcl Llrl] (Ilcllk

tlllcx’ (itllcs.  S i n c e  [Ilc Sylll[mls  d i d  rlOt cOlll:lill  Itlc cxtld

itlfwlll:l[iol}  a(l(lcd by  (1IC I cccivcus  (hat w a s  ill (1IC 1 )h4S

]c.uol(lc(l  (1{1[:1, IIK Iir[lc  10 ]C’illl,l (IK311 was relatively IIlinilll:ll.

aIId lhc cxlta rctul [Is p Ovidd  all cflcclivc  way 10 insult lbal
till  Ijll’ diitil  WitS  lL’1111 l\C’d accur:ltcly. ‘1’hc first JCIUI I I  was

colnplc{cd pliol (() (I)C. CX])cCtcd lms of cotlllllllllic:ltic]lls  wltcn
(I]C Oll)i(cl ~msscd  lhlou~b  sOlar  Cmljullctim  dulill~ lIIC lail

I)dlf  of 1 )ccclubcl.  ‘1’his  tLStUI II wt{s facilita(c(l by  ljIc fact ilILIl

IIm ii(s( ()”1’h4 platII~cd for [if(m mt~i[ illscl (im was not nccdcd,

thus allOwing Itlc l’lvl)c sylllt)Ol  Ielul IL to bc advanced by Olw

(j[ly, iltl(l(jlLls  c{~llll)lc  Lirlg, tllCfilst Ic:ttlll l,illclll(lil  lgtllccx(cll(jc(l

d:ilii,  ])liw (0 10ss o f  tclc’cc)ttllil~ l[lic:i(iolls  cnuscd I)y (hc

aly)lmcllin~:  cOiljultcliO1l. ‘1’jll’lc W’CK’  ( r e l y  Solllc Slllall  (1;1(:1

OLI(; I:CS caIIsc(l  b y  Ilc’tll-cor)jlltlcliotl”  in(luccd tmisc 0 1 1  IIlc

(hl)itcl I() l:m(l) link.
‘1’llc  Sc(’olld lctul II Of l’ld)c symbols star (cd :Iflcl

corljunclim. About ?/~ Oflbis  rcl LItn was lc)slc[llc  (c~tis~]ticcclilf[
sa[ir]g cvcn(  caused by art O\’clsighl  whclcin  a fault mcl[li(or

(l:tg was [lot I,[q)clly  Icsc( af(cr J O I . “1’fw lllild  rc[l.11 n was
co]llplc[cd  witt)out irlcidcrl(  or) JarI  I (I. ‘J’bc (j:II:I Iha( was rm~

rc’lur IICd dul ill:, [hc sccOtId rcdm[  wits ICI LIIIICCI Ia[cl-, ;itlcr IIlc

l)h4S tccmded  d:i[a  re[ul I I  was coInl)lcIc. N() ]hohc syIIIbols

\\clL’slorc(l fol (lIc tilllc inlet \al fronl  lcccivci 10ckuj)])lus47.5

lllillulcst053.7  Illitllttcs,:lsstlcJ\\)tl  in lii~Llrc 16, bcc:mscdurinx

Il\is pciid, })]d)c  tclc II IcIIy sl!il)g  11 was lbc sOllrCC of t h e

sylllt)olst (~bcslorc(i,:il  )(l” ilstlarlslllitlcr  clllitat ][)cklll)  f)llls47.5

Iilillu(cs, “1’lK{~  II}adc. this scctir)n O f  l’10bc  data IIIC l]i,gllcs(

])[ i(u ity f(u (hc 1)h4S (I;ita ]ctLIt i).

A  lICI id of (illlc lIM bccrl nll[watcd a[tcr the

collll)]c(iml  of lhc ]’ld~c syl[lbol  Ie(ur[l  to c,xclcisc  IIM> ])h4S
;III(I  cwldi[ic)n  Itlc la~m [)] iw 10 bc~,irl[lillg  the [c.cmdcd  d:ttit

rc’[url},  w’hicll  w:ts scllcdu]cd 10 bcg,inc)tl  .I:HIUW  y 24. ‘1’tlc I)MS

ddld  rc[urll  was 10 skit  ( :it lbc bc~inrlir)g  of [Im l’[obc d:~ta ard

cOrllirluc S(mip,jll lllmu~h to Ihc crld, i.c,, 1~1-10.  llOwCvc[,
dLllir]g (IIC  laJ)C  corl(li(ionin~” acli\~ily,  tl]c I;IIIC SILICk Ll(l(jCr

Circullls[:lrlccs  thn[ Id t)ccn b e l i e \ ’ c ( i  10 bc urllikc]y 10 Ic;KI to

sticking. ‘l’his lcd (o a decision to rc(urn tllc lccmdcd dnta irl a

JIri(]l-iliycd  Ordcr  l:l[hc[ Ib:ir]  (illlc mdcr,  (;ivctl Il)nt 1]10s1. Of[lm

])1 L~~m data was now orl lbc gIC)LIII([  v ia  the success fu l  sy[l)bol

Ictllllt and it nligbt take corlsidei:lt)lc  itlfligbl lcs[illg  arl(t

Cllalactcl  izalim)  Of Ijtc lapc rccmdcr [c) bc at)lc tOdO the (h biter

l[lis\iOll,  it \va’i Ix udclit  10 plOvidc  OIJIKJ[  LLlrlity fOl llIusc

con[irlgcrlcy  rccmdcl  O}Icl  atiOns  at Ihc ~mssib]c cx]mrlsc Of rwt

lc(Llrnilly.  Itm Iclwcs( Illiwity lhubc ciala,

‘1’ttc rccmdcd  data  jLd~cd  tO bc Ilig,hcst pr i{wity \\f:]s

Illc ]~climl  fiol[l 47.4  10 5 3 . 7  IIlirlu[cs, sirlcc Illis \vi\s  Iic>[
n\ ’nilal]lc  ill lIIC stOIcd syllltml data as llwtlliOr}cd  ca!li cr.

Scmnd  ]~riorily  w:Is frOtll 31.3  to 47.4 IIlirllltcs, since [his  wm

single slrill~  Only  (ll)in lbcslwcd  syll]bols.  ‘l”f)ild l~iiOrily  w’[ls

tllc early dcsccnl data  frmn  -2 (0 10 tllirtu(cs,  wl)icll w’:(s  ojso Of

hiSb inlcr”cst  fm Ij]cl:l(lios  cicrlcci  r]vcslig:lliori.”  l;ollr[llJ)liority”
wu< [hc rcrll:~itl itlf:(lcsccrll  ill fot[ll:[liotl,  ” lot 031 .1 IIlinulcs:ld
53.7 [o 63. ] lllirl~ltcs.  ‘]’his c[lrlicd t}lc  cl~I({I  ~ct~trrt  WCI1  bcyorlcl

wllclc  the Synltml  data irldicatcd ltm~ boll]  rcccivcrs were OLll  Of

10ck, but (t\is wns a dclibclatc  acliorl to irlsutc  tt]al all da(a ttml
rnigll( bc avi(il:(t~lc w;{<lccwvclcd.  The lmvcsl  d:ital,I  im ity was

frol[l tl)c l)cr id Of 7  li~irlu(cs  bcfwc lccci\’cr lmkup to 2

Illitlu[cs  l)cfwc.  ‘1’his data  \v;ls Of ~wlcn(ial  ill(clt.sl i-m ll~c radio
Scicrlcc  cxllclilllcrlt,  bccausc i[l)rok,ictc(la( l(jiticlrl:ilO1  l]){)l” (uni(ics

(() a s s e s s  (IIC rcccivcr  rmisc cjmIac[cJ  is(ics l)riOl  [0 signal

ac(luisi [ion.
“I”tlc fjndl rcsLllt  wits (tu~( al] Oflhc I)N4S  lccmdcd ddt:t

\;’:{ frctlll llc(lfrorlls  igll:lt :lc(]llisi[iorl-  2rliirlLllcst o+63illir]lllcs,”

\vitt]orlly  vcty l]lillOt  cl:l(:lc~lll:lp,cs[tl:l[  wctc rlOt lccOvcrcd,  liOr

lttc dola  s[wcd in Ibc {11)S, iill  Of il W:IS rclu[llcd  at Ic:\s[ l\vicc,

all JIOsl all  Or i t  tlltcc lililcs, ;Irld it) sOrrlc  ins[ar)ccs,  it Wlls

]c(urncd i’Oui  lilnes.  “1’tm Orlly  dala ttm[  was a  ]wmpccl  fw
Ictllrllillr,  tlmt \\’a\ lIot was It)c l)h4S da[a f[Olll  -“/ 10-2  Iltinu(cs,

slid  ttlis dn(a was of qucslio]lal]lc  v:lluc,  sirlcc it coul(t (ml, y aid

irl lc’cci\’cl noise cl)nl dclcrimti(m  that  \\’a$  also Covclc(l i]] t h e

-2 llliliLltcstc)sif,lli\l  acquisi{im] i))(c]val thnt \vaslclurllcd.  ‘1’t]c

Ovct :111 crld result  is [hat I()()C{I Of (tic. illfw il~atim  il~ tlm l’IObc

(1:1[:1 \Jws  lccovcrc(i.



(i. ‘1’:Ipc Rccor-dcr  Anomnlics  and Rwovmy

‘1’bc Galileo [ape rwodcr  (I IMS), trailt cilca 19ti 1, is
a [ccl-lo-l-ccl Iccwldcl whict]  s(mcs up (0 900” Illil lion dala bils

W) alm( 1800” feet ofmylrrr (ape. Tbc l)MS has 4 tracks ( 1 ml
3 tIIovc  Io] WWICI,  2 and 4 Jt]Ovc in rcvetsc) and can bc OpcI;i[cd

ia valioas  IImdc.s :1( s e v e r a l  slwcds rangit!g  flw]l 7.68Kbps

(().8 inch/see) 10806.4Kty)s (“)8 itlcllcs/see). 0)S derived fnpc

Imsitiol)  info] lnatim is  basal  m] l)hlS IIIO(CN  sbafl ro[a[ion.

NoI  Inally, it accu]-a(cly  Icflccts  the ta]w pmiiion.  ]lowcvcr,  it

fO1 aay  IcasmI  (he. tqw  fails lomovc  when cmmnan(id, and thr

1110101” stlafl (al as,  (Ilis dcl ivcd positioa is IIO Iongcl c o I I L ’ e t ,

‘J’hc acl Iial Iapc  Imsiliml is lbcn anknOwn Lltl(il  it is dcl i\’Cd

flol[l da(a ]HcviollSly  Iccot(lc(l  on Ihc Iii[w  or by ]msilioainp, [hc

lalm  10 ils Icadcr al ci[hcr e]d.
Wtu (IIC l)h4S bccamc  lnission  ctitical f o l l o w i n g

(Ilc 1 l[iA failalc,  ils usage  wasspccifically  rcstI ictcd (orcqLlird

bcallb  IIlailllctt:ltlcctill(l  itapOminl science crfoppw luni[y.  The

flcqucncy Of hcalll) lnain[ml:lacc  (af)c  condi(ionitlg  ac[ivi[ics

R’:IS lL’(!LICC(i to ;lbOLli CVCly~od[lyS  COllSi SICl)t With [hC llj)(klt(’d

fli~,h( O1)CI :i(ing I LIICS dcvclopc(l b y  J ] ’ ] .  a n d  I}IC I)NIS

1111111 Llf:lCtLll Cl (OIJIH’l(:S). ‘1’apc  ccm(lilionin:, b a s i c a l l y

consis[cd of II]oving t h e  t a p e  b a c k  ancl  fottb e n d - t o - c a d  a(

ti06.4kbj)s  and filially  pOsi(iOnin~  il near lhc ccatcl--of-tapc

((’0-1’).

fi.1 AIKmmly lkwcriptio]ls
(h) Oc(obcv  1 1 , 1 9 9 5 ,  after bcia:  cotnn}andcd  (o

1x3 fo] in a lcwind  a l  806.4kbps  to lhc llcgilIr~itlg-of  -”1’:l]>c

(Ilol’)  in prqm atiOafor thcJLlpilL’r  -approach illl:l~cI)]:iyt):lck,
(CICIIWI y slmwcd uncxImc[cd lapc pmitim leadings. lns(cad
of tllc (~1 X d~’r’ivcd  (a}]c, position indicalm dcclclncn(ing and

slol)l~i]lg  al 110-1’, Ihc [elclllct[-y  rcadinp,  s cont inuous ly

dcct L’Jilcnted to a IIliailuulll  couat al)d lbcn rolled ovc[  to a
count of 16,384 co(ltllscxcec(lillg7,  177 alcbcyond  IImphysical

talw lcng[t]. Ilecaasc of Ihc low clowalink lclcIIIclIy dala Iatc
( I o bJ)S), Itlc molllaly  W:IS 1101 idcnlificd  fm Ilcal Iy 3 1)()(11s

aflci Onscl. Within an lmur  aflcr idcntificalion,  it was dccidd
IU t! al~slllit  a p,lound  colamald (61 )MSK) (o “safe” (tic I)NJS

by colnfllandinp,  il lc~ Rca(iy hlodc- tape is s[op[)cd  tml Iwwct

is ol~. “]’tlc  J )h4SK CollllllHl)Ci  ii]S() PICVCI)[S thC (’1)S  fr{)l[[

issaillg sutmqucnt  l)h4S CLNI(IO1 cc~lillllalds.  (Af(c I lock ONI,

allotllcl  1 )h4,SK coll~mand  is qLli[cd  to enable ttlc C~IIS (o

issue cm) II IIa I)(ls 10] )MS,) (Jllfol”(Llll:l[c]y,  bccaasccrf  thcdclay

in idcat  ifyin~~, ttlc l)loblcll~,  c;:mtiona] Jwob]cms al (iolds  IoIIc

Illal  J)lc’vcnld  rc-cwnfig,ut  illg fO1 lti.gh-pov+cf cOlllil)an(lillg

bcfmc sC(, and bccaasc  II]c bigl) Jmwcr  tmnslnit(ct was trIokcII

at tlw tisia~, station (Claabcl  [a), (I)c I )M.S “safe” cmltli~and  was

nOt sent ftw neat Iy 15 I mars  aflcr  tllc Oascl  Of [bc  aIIOIIIaly,

oacc lcccivcd, Il)c.  IJMS plopcrly  lcspoldcd [() lhc gioalt(l

COIIIIIIaIId  I)y g(~illg, (o]<cady  hfodc.  SLlbSC(]LICl)t]y,  as an  ad(id

I]lcc:lutioll,  ;1 &IolllI(i colllllland WIIS  SCI)( to lCllllilli\(C  the C’!JS

sIOIC(I  ap])Ioach scicncc scqacacc 1 0  I)icvcnt i s s u a n c e  (I1

sut)sc(]aca( 1 )h4S collllll:lll(iS. Additioilal]y,  COIIIIIIatIdS  WCIC

scat (o disab]c tlm I)MS aaiquc  sys[cm faa]t Jnotec(ion whicl]

woul(i  :illlcJIIOIII{)IIsly  lIIOvc Illc laJm fot ward and backwald ill

c:isc of a I)MS [K)wci oil 1-csct (1’01<) fault.
Wil})in  lmais  o f  lllc  flig}l( ano]tlaly,  ia aa oil~oin~,”

~t(mt  I(l  ICSI,  thcjlig)i~.!~wre  I)MS in [hc tcsttmd  cxlwrictlccd  atl
al)miia]y  while executing a pmtion of (hc Japi[cr  WI iv:ll closc-

clmmntcl  scicncc scqucncc.  IItllnc.din[c  (l[)L]bJcsllc)c~  [il~g(~f[l~c

Ilitlh(  spate uni(lcvcalcd  tba(thc I)hfl  S was [Iotmgcr  fLtllc(ioaal.

Wi(bin  a clay, rccotls(!  uc(ion of lhc  (cstbcd sccn:llio i[dicalcd

[11(’ rccor(lcl  “SI:IIIL’(1”  [hl Ll soIllc  lo\v-speed Colllmancis,  I1)OVC(I

vcly  sligblly  at a  fcw higt)-sJwcd COIIIIIIaIIdS aIId rail “ f r e e ”

su~,:cslillg  stlctclling aa(l t h e n  btcaJiiag [hc laJIc.  “1’hc iligb(

an(l  slNIrc I)M.S wmc idca( ical and boll)  wctc t~cirlp,coil~lllall(iccl

t)y i(lcrllical,  lIcw C1)S  soflware. ‘1’hc coinci(lcncc  of Ihcsc
f:lults rcquird lbc 11}0s1 calcfal scrLl(ing. “1’hc rr]ml ilrllmr( ant
artiotl  now was Iodc. tcrlllinc if Ihc flight rccoder  was workiag,

i.r., can tbc lapc bc lnovc(l.

‘1’bc  anmnzrlics could bc the rcsul[  of clrms ill Ihc ncw
sof(w,arc  controlling the. (II) S-l)MS cc)rllrtl:ll~(l/tcl ctllctry

itllcrfacc,  ci[Ols  tIIa(k in tlIc stmd SCqLICIICCS,  or actual f a u l t s

ir] (IIC  1)h4S. Oa Octobci 14, J995,  af(et sutxtantial  ~imlrd

rctcsling  and aaalysis  Of tbc a[q)rmch  scictlcc  stmcd scqucncc

aItd MI<O  vcrific[i[ioa  of IIIC. (~l)S-l)h4S iatcrfacc  n i g h t

sOf[warc,  Ihc fligtll anmlla]y  was  con fidcrltly  iscrlald  10 Illc

1 )h4S.  lly octol)cr ] 8, il was dclcr[airld  lbnt lhc flight lapc

lIIay h a v e  slack sotllcwt)c~c in  lhc lraaspot 1 or ICC1 all(l (t)crl

sli  J>])cd on tbc’  Capslans,

Orl OctObcr 2 0 ,  glound  Co]alilaads  l!crc. s c a t  10

dC(Clll!iI\C i f  thC ([IJ)C. COLl]d  bC II)[)VCLI,  A  Short ( ] O- SL’COII(])

l)laytmck  fmward (in lbc oJ~Jmsitc  dilcctim  of lhc fault)  taJ>c

rtl Oli On \va$ cOIlllllandcd  at the 10wc.st speed. I)iq)cl-  In]otion

was vet ifie(l via llmtor cuI rcl)( and Othcrtclcrllctl  y. l;oltuna(cly,

[tic Ia])c was noI bl-okcn ar)(l (bc l)h4S nmy bc rccovcrablc. At

(IW (nl(sct, i t  was  not clca I wl]ich dirccliml  to try lbc II IO\’C.
h4ccl)arlical  cOtlsidcratiolls  led 10 ttm bel ief Itmrc  \vas more

aatl]ority  to lIIovc tdI)c off a tlcarly fail reel (I]an vice-versa

(“dmvnt)ill”  vs. “LtJ]hil]”).  T’al)c (crlsion  is rllrrilllaincd  b y  a
I]cy,:l(o!  si)r ill,g Ilmt a]>plics a fixed  tmqac  [0 tmlh reel nabs.

‘1’a~w Krision almc. ]uovidcs  ttle drive frictiorl  at the ca[)s[ans

(i.c,, no [,incb mllcts).
I’I)C [)layt):lCk  (Iala ir)dica[cd  (Ilat [Iic ilCtllill p o s i t i o n ,

(Ic[ct [llinc(J by da(a or] tbc. taj)c. was the sarlw locatioa WhCIIJ

I}IC  (k’[ot)CI 1  I :ill[)ll)aly  OCClllICd, sllg~cstirl~, tlIc tal)c h a d

slil)J)cd  aI  tt)a[ loca[ioa”  for [tic entire 16 boars  before p,roaad

col Ill Imn(lcd 10 stop. lkcausc of a corlcc[  a fOr I;if)c abtasi  Orl
da Iirlg t h e  1 ( )  tlOllI sliJ), ~toan([ comIIIaIKls  WCIC scnl ml

oc(obcr 2fl to “ b u r y ”  tiIc p o s s i b l y  w e a k  slil) slm[ UI}(ICI ab(mt

2 5  wrai)s of ta])c. ‘1’lm wrqq~ing actiOn  w a s  pcl lmucd in
l)laytxick  lIdc a( (be lowest ta]>c speed, l’lo])cr oJ)ctotion was

a~:lill  vet ifid via iIlok)t  curtcll[  ald (a])c position.

A cor!lprchcnsive  t’cvicw  ofall t:q]c Jmsition  data  \vas
initialed to dctc[lninc if tbc Oc[ObCf  1 ] ftip,tlt :Irlolllaly  \vas a

filst (irllc  cvclIl or \vlmttm urlnOlicd lal)c  ]msi[iOa  crlots (of f
I,[cdict) bad Occul Icd carlicl.  Rcvicwofthc  fli~,tlt data rcvca]cd

Itlat t}lc frlst tal)cposi(ion  clror  occur led in Juiy 1995. Ant)[tlci
was Obscv  vd in Scl]lctntm 1995. ‘J’hc JLIly  1995 CI[ or W’C1)[

unlw[iccd, bccaase  at that tilrlc, ddla  was OrIly bcin~  “spol

ctwckcd” for gIoss  [IIoblcII)s  . ‘J’his “s]mt c}wck” analysis

alqmmh  was irlstitatcd  yca(s eal Iim as paI { of ll)cl)]oject’s  Ic-
cnf’, incclin~  cost savill~s  cffw  (. I;u[[twrllmlc,  focus wwon the

upcorl)ing  clilicat  I’robe J<cJcawc activity  (llli+JLtly  1995)  and
Il)c first filing Of Itm J)r(qmlsion  sabsystcIII  rllaia cn,ginc (Iatc



July 1995).  And (Ilcti  (hc focus was on [hc csscn[ial Relay/JO1
scquel)cc dcsi g,[l uldalc  dc.vclqlllwr)l  clfml and thclc w:w no

()])] l()l[llility  ()rlll()tiv:l[iotl  Iolcvicw indc.(ail  tt}cJllly/SclJ(clllt>cl

l)MS  data.

I]ccausc.  t)o(l~ the.  flight a n d  ground l)MS  anonmlics

cOLild bc rclalcd, (bc invcsli~ation into lhc ground unil Iailu[c

w a s  a l s o  pcIfoIrI]cd  w i t h  h i g h  priori(y.  Wbcn tbc s[)are uni(

was O1)C]KX1,  the tape was fc)uld (() bc pu l led oft’ (I1c reel at II)c

tluh cqLlivalcnl 10 Ihc cxpcctatiOn ola t310kcn t a p e .  S u b s e q u e n t

Iailutc a n a l y s i s  Icvcalcd Ilm( Ihc gmun(l ul)it f’ailutc  v,ms [lIc

I-csul[  Of a marginal cilcuit dcsigl) caLlsing a Iclay [0 foil  [0

[lallSf C[ and :LlllClll(Jlll(lllSly  ICII]OVC pmvcr  t’lw]) t h e  dt ivc

clcc(ronics when Ihc.1 tn(l-of-l’zrpc (I OJ’) location” (Ica(lcr) was

Scllscd.

A(kli(ional  plccautim)s now had to bc [akcn wi th  IIIC

tli~l)t unil to a\wi(i tt)c failulc obscrvc(l in (hc lli~bt s~mrc u n i t .

1 ‘urtl)crinorc. it was cwnsidcrcd prudent  10 aw)id un\vlaJ)ping

the tal)c wlap covering Itlc pmsit)ly damaged I)iccc Of [ape.

Omsequcnlly,  (I]c usahlc  tal)c  Icnp,(h was rcduccd  aboLIt 305
I’cct (240 flOln 110’1” Cld atlcl  65 frmn  10’ crd)  stil l lcavin~

about 1500” feet Of usable talm. I’his schclnc  aw)ids going crt]to

t h e  Icadcr  slKNIld tbc. 1 )MS bc. stq}ped v ia  the un-bmd

{Iu(onolllous  fault J)lOlmtiOn  wllicll was king (Icsig:llc(l  w,llilc

f:lu]l invcsligativc  actions  were plOcccdirlg. Three weeks aflcr

dlc amnaly  the c.xact cause d the 1)h4S flight aINNt Kily  WIS
slill  unknown, allhough n]c.cllanical  faults sccnlcd 10 bc the

mmt likely candidates. ‘1’hc lcding candidalc  was tlm( the lapc

was stickin~, 10a sap f~}lirc  durlllny  erase head used to guide the

lapr. ‘1’IIC dLlt Illl)y hcn(l is “(lc)\\’r)sllc all)” Of (hc cal)s[ans whcll

tllc ta]x  is nlOving in rcvcrsc;  whcri (}1C capstans try 10 “push”
lhc ta[)c toward w~lIcIc i[ is ‘Lanchmt’d”, lapc. tcttsi(jt)  is lost aII(l
slily~ing  cIIsucs  Llllabalcd, Iixac(ly \vhy/hOw’ the. s(ickill~

OCCUIS  was and still is ul)knmvn.  At [his point, [he l’lc)jcct
dccidcd to only ol)cratc. the l)MS al its lowest speed un[il  [tic
l’JObc data was cal)[urcd  0[] tl]c ta]w bccausc  it was cmwludcd

(Imt tllc Inmlwcls fw additional arlonlatics arc gIcafcI  WIICII

q)cra(ing  :il lligll  s])ccd, ancl Oniy the ]mvcst  speed (7.6tikb11s)
was rcquilccl  (c) IIICC( all tbc.  Jequirc)l)c.rits for l)rd)c Relay data

Ca])tutcan(l rclut n; and lhclc \*:isrl{)}  >rcJs]Jcclf  c)lLIIl(lctsl:tll(  lillg

ttlc anor]lalics and (Icvclo]]inp a i~liiil)lc/s:if~  I)MS higll-speed

q~clatim~  plan ill tilnc  for- Ju])itcr wrival  (iay,

f).2 I’rc-,]upi(cr  Arrival IUigllt  Acfivitics
1 cttins tllc la{~c sit unused for  apJ)r  Oxirllalcly  fOul

wcch hclo]c JuI~i(cl  a] I ival was now [tmu~l~(  to bc. risky,

Jm[icularly,  ifthc I)MS failulc  was duc to lack oflm)tiorl  for

a ])totlactc(l  tirnc. ‘1’tv.vcforc.,  it was dccidccJ  to increrl~cn[aJly

rlmvc. Ihc tal)c  fOrwal  d fOr scvctal scmnds  at the 10wc.st speed

on ‘1’riwk ]. ‘]’lm la]m was moved ttm’c litllc.s  in this fashion m

Novcrtlhcl  lo, 16, and 21 to ~)tovidc  added confidence that tl}c
I )hlS would \vork  J c.list )] y fm rccmdinp, tl~c 1’] Obc Relay data

On 1 )ccclllber  “/. ‘I”lm J)MS wor kcd f l a w l e s s l y  for cacll
inctc]lIciltaJ IIN)VC and for all the Relay/JO1 rcc(>r(l/l)lzlylJ:lck

activi(ics.

6.3 ] OIE-’l’crIn  ‘1’rouble Sllootillg  Activilics
W’cll  i n t o  1996,  [I)c J1’1 ./01) 1;1’1(3  l’i~cr ‘1’calll

cOnlillucd  its vi~,olous c. flbr[s 10 lho I(Iup,lIly ctmiic(cl  izc  aIId

fully L]ndcls[and  all clcn~cnts of the I> MS, including tape
chcmistly, mcc}mnist]~ design/rllargin, clcct[oaics design/

rtlargin, and qmr-a[ional  intc[ac[icms, Acmnp  Ictlcnsivc l~ailurc

hf(dc  l[ffcc[s  Analysis (f ’hJllA) was pet fmlld. lncrcascd

cnlphasis  was I)laccd on Cbaractcrizing  Ihceffcc(s  Of afing  and

10w usag,c by testing with siltlilar  ta])c rcccrrdcrs, spccifical]y

Ihc fli~bt spaw  hfagcllan unit, which has (ape fmn the SaIIIC lot

a~ Galileo  and is vcty silnilar  tottlc [ia]ilco  unit. A (iliO1’Ali,

(Ialls]mrt  ullil  which uses diffclcnt  lapc  and clcclrmlics  was
:IIS(J used for testing. ‘1’I]c fli~tlt IIl]i[ :llso  un(tc[ went a sui(c. Of

ctiaractcr  i7ali0n  tests.

A special l)MS wwtks hop wa$ convcnd  a[ J1’1, in
rtli&h4arcl)  1996whicll  included about  fm(y NASA al\[i  iidustl y

cxJ)cr-ls  On ta])c rccOrdcrs,  tape, rnccll;inisrils,  and clcctrmics.

‘]’!Ic CXI)CI (S acknow]cdgc(l [hat  UIJ)C  S[ickil!g iS WC1l-krloWr)

[Ilrc)ug,hout  (hc industry and aglccd with tlic l’i~c.r  I’earn that

(l)c(l[lrtllllycrt~sc  head is lhc Inml likely site fm tapcslicking.
‘J’llcrc  was nOcOnscrlslls  as tO why/tmw Sticking  was occurrin~.

Sc\,cral  01 lhc Cxllcl  1s aglccd  w i t h  tile “1’igcl  ‘I’call  I l]lal ttlc

sticking anmllatics may bc the result of no( crmug,ll rccmdc.r

uw~,u. “1’hcy  cornrllcrltcd that  nearly all tal)c rcc(mlc]s arc used

“cOllstantly”  and arc Only idle fOr shorl  ]]crimls  of time (days),

coIIIIIarcd [o II1OII11IS  for [hc (ialilco  I) MS.
‘1’hc [earn  pl-cscrltc(l tbc fOllcrwirlg  stick  II1O(1CIS 10 tbC

W’ol kshop:

(1) l)cbris acihcsion  - C{ ILISC(I by fcr[ic  oxide debris

pal[ic]cs interacting \vilb the Imlyrller lapc/Oil.
(2) Jo blcwkin~ - caused by an cxt]-crl]cly sIIIoo[h (glass-

likc) surface condition a[ the tape-sfi[]l]hirc llca(l
intcrfacc  tlIat crlablcs  II Molecular bondin~.  ‘1’IIC rllotc

ta])c across  lllc head, the srnmltlcl  the sallJ)hilc  head
sul face t)ccoll)cs,

(3) lllcctlos[atic  force - crcatc(l  by clcclrical 1[ itmlogy
cbarg, cscauscd I)y lhc Ial)c Illovirlg  actms the sa]y]hirc

head. OpJmsitc  polarity  chal pcs cafl be gcncratc.d  in

(Ilc sapI)hi~-c  head and tape. Oarg,c  in tllc tape is

causc(i  b y  lncclmnical  sttcss.

1( is I)msib]c  that onc m a cOnlbinaliOrl  of the ]nmlcl
Opliorls  nlay be at)lc to explain ai l  the dmcr vcd s l i c k i n g

an Orllalics.  1( bccall]c  incrcasinr,ly  c.vidcnt  lha[ whalcvcl \\m
~oin~ On lllay  [w anlclic)ra[cd  by lnOvitl~  the tape cnd-11.)-crd

a[ inlcrvals  sig]tificantly  stwttcr  than ttlc :lfc~r~.litc]ttior]ccl 90

dayS,  “1’hc fligll(  and :,l(~ulld  d a t a  su~gcstc(l  lhat i[iiCIVill  S

slmr(cl-ttlan  a WCCk Illay  bc op[illllllll  bll( lhal Cvcry  3104  Wlxks

may bc adequate.

fd l’mt  Arrivnl-I)ay Activities
Af[cI  aTJ ival day 1)h4S  oI~cratic~lls,  the (ape was ]]()(

]no\cd  for 40 days until Janual  y 16, 1996. 1 )uring  the 40-day
I)ci imlt :ic()rl(lili{)tl  iltr/cl~ar:(ctc[  iz,:l(ic>ll(  csts Llil{.\ $,:\${lc\clf>]>Ccl.

(h] January 16, tt]c tal]c  W’iis II) OVC(I forward in J11:lyb2Ck  rnm{c
fol 40 sccOnds OJI ‘1’I/[ck  I ; rll(ll{)l  CLIIICIII  ar]d  O(llcr  Iclctl)ctiy

indica(cd  nOr[i~al  Oj)cr  ilti{)ll. ‘1’hc. day bcfmc, two n e w

autorl(~tll(nls f:lllll  plotCCt  iollillg  olitlll llSW’CrC~lllt inl)lacc. O n c

aipori[t)[ll, ttlc slil]  Inc)r)itol, consists of lllmito[ill~  tllc I)MS
scr vo lock (Icadi]l: tzl])c posi t ion” flolll  ttlc t(I/Jc)  s[:It Lls and
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issuing a I)MS rcody  mode comtnand  if k servo lock SCIILIS
ilK]iC:ltCS OLl(-Of-]OCti  ill CXCLXS  0([1  j)l”CSCl  ~lllollIl( OflilllC.. ‘]’hiS

al~,oiithlll  protects  t}lc t a p e  flom prolIxtcd  slipj)iltg  :Itld

lmssiblc. dnllqc. “1’he other algori{bnl,  prcscl  vcs (he ~l)S-

IJN4S  co]nllmnd  in[crfam  in the prcsmwc ofa (~l)S s(riug&)\vn

filU](. ]kCilllSC  ttlC  l)MS C:II1 bC  COllIICC(C(t  to Olt]y OIIC (rf thC

I w o  0)S  s[tings at arly Iitllc, il IItdl S[ring wcnl d o w n  ([n:tny

~l)S faults c:ln bring d skit)g d o w n ) ,  I})CJ-C w o u l d  bc  HO way 10

co[l~llmtd (he. l~MS to the. sak ready nmic.  This algoJ i[hlll

funclionillly  switches II)C 1Jh4S (L> thC other (~I)S s(ling  illl(l

COI)IIMIKIS (hc l)MS (O tbc s a f e  Icady mo(k.  lr) nddi[io[) (()

l o a d i n g  IIIC IICW fault prokctiott, spccinl I)MS tmt scqucnccs
wc.tc lomlcd 10 pcrlorlil  upcomirlg ct];lrac[criz,i~lic~lt  tcslin~,

(h lanuary  17, 1996, the Iapc was moved  back to near

1{0’1’  :It ‘i.68kl)[)s fol- Ilcarly its cntil-c Icmg,th in prcpml(ion fol

ttlj)ccl][lr[lc( cli~~ltiot)  cxrmiscs [o bcgir) orIJ:mLtar  y 18. Ilccausc
SOII)C c:llticl grour~d tcsls suggested the pl-ospccts  for stick  irl~

IIlay bc rcduccd if an apprq[  ialc cd-down time (defined m

running  at 7.68kbps)  \vas used, v:irious cool-down tilllcs w’clc

[cs[cd.  ‘1’hc Jauuary  18 test suite was to charactcri~c  slicking
aftu  vari(JLls  cwo-dow’n  times (1 5 lninulcs, 30 minutes a[d 45

l]linutcs)  and opcralillg  speeds ,  h) pcI forlll and vctify a 5-
sccod for wald lapc  unstick  opcr:lticrll  (in case (1)C tape. stuck)

nnd pcrlolr]l  foul cncl-  lo-cd tape condi[ionitlg  pHsscs. 011

lanu:ll  y 18, du!-ing  the. fii-st  of five 1 M).tlkbl)s  (1 O ir~chcs/see)
I)lal)nc(l ac(ivi(ics, [)/e l~MS’ .rlii, /tlmi/or ~ti],ped. Thc 1 ~hq S

wa$  tllllollc)rllotlsly”  Ccrlnmandcd  to ready li)odc, as dcsigncll,

‘J’his 100.8Kbps  cxctcisc was the first higt]-speed opcra(ion of

(hc I)MS since [hc octohcl 11, 191)5 anotnaly.  ‘1’hc (alw had
s[uck in lCSS than ? seconds rrflcr stoppin~ suhscqucnl to bcitlg

IImvcd coll(ir)uoL]sly [It t (tillctlcs/scc fortd ~l)irlutcs. ‘1’his \v:ls

a big Surplisc  bccnusc it was bclicvd  Ihc tfipc could  not stick
whcrl stoly)cd  fm ot)ly a  f c w  sccords. After an:llysis  o f  tllc

Ilight  d:lta,  lhc tcsl scqucncc  was tcl Illirlatcd to prevent arly

d:ill]~~p,c  tlllc:~i to thC l)MS It]i]t  III~y bC caused  by continuin~[.

It w;ts tllcrl  decided LO do no fu! lhcr I)MS ct~:\ri\ctcli~:i(i(~ll/

corlditionins  u[ltil  a f t e r  J]laying  back  t h e  hi~hcsl  pliolily

rrcoldcd  ]’tobc  dat:l-  the most bcnigrl  operation, i.e., lc~wcst
s})ccd, fol \vdIdonly!  (See’’I’r{)tJc l)atti I{ctllrlI”). Subscq Ltcl](ly,

it was dccidcd 10 ]JCI  fol-in the cwlicl-  dborlcd tape colditionitl~
I)asscs at tllc lowest s}jc.cd (7. OXkbps).  On l;c.brLlal  y 29, [iuring

lhc coll(iitiol~ing,  anotbcr big sLlrlwisc  occLIIIcci. Oil the fit st

cordilioning cxmcisc  ims, after nlnning  at lhc lcrwcst speed
(;ll\V;lyS  (iloll~ht not 10 CZIIISC a stick) for nearly (hC crltirc ICrlgti)
o f  t:li)C (--7 hOlll’S)  ll]c t:llX StllCk! 7his  wo.v the first stick
awwwtly  {Il)sewcd  {J( //It Io}vcsf s]wcd. Now, it ws bc.co[lli]lg

cvi(icl)( [ild(  IIIC lalIc  stick irlp, Inay t r c  function o f  Iilzlrly
p; IIiIIIIClCIS  Suet]  ;IS  t;lpc  sl)ccci,  mIOLII~t  ojtapc  pmscd over tt)c

(iurl)llly cldsc hca(i,  idle tilnc  bctwccm successive t;lpcmolions,

and [aim not usc(i for a long tinlc.  lrl c.vc.ry crrsc.,  the flight ciatd
simw’c(i tl};it  (IIC talm coui(i aiwnys  bc ur)stuck b y  ltmvin~

for watd ;II IIic iowcsl  [aim speed.
Mmc  flig,h( ICSIS w,cI]ccotl(iLIctCCi  irl ]atc Ai)rii 1996 (o

chnrtwtcl izc ta]m “rc-stickin.g” usirl~  w:iil  Iir]]cs of 2 seconds,

? lnillulcs, urd 4 lllirlutcs bcfOrc doing arl ur~stick. It wa$ now

bclicvcd  ncccssaly 10 lcl  a stick  “cLlrc”  fol some ]I]irlutcstw.fore
llIL>:l~ifl~  it ]()()sc, ott]Cr \ViSc,  the. [l~])C. Wol!ld i!l}ll}c(ii~tc.]~ “lC-

stick.” II wms cssclltial  [0 (iclclminc  a rcliab]c  ltipc rcvclsirlp,

s[r:ltcgy,  i.e., locally dc~’cat the stick  lllccilanislll tmfrxc.l]mvill~

in rcvclsc.  I’hc wait till~c  (4 li]inutcs)  was cimscll  based on the
SIIO1 lcsl  w;lil  tirnc aircady  ir)hcrcn(  in the Llpcolllir]g  Garly[ltc(ic

cllcour)lcr  sc(iucncc. ‘f’hc ES(S were pet fmncci  aI t 0().8kbps
;Ill{i  Icsui(cci  in tile tape stickitlg  :Ilrrlml cvcly  tirnc aflcr fin cJld -

Io-cnd tai)c pass.  lu e v e r y  stick, cxccl)t ( m e ,  t h e  t a p e  d i d  ml

It-slick nf[cr bcin~ ur]stLlck by IIlovir]g fo[ ward at (hc Iowcst

si)ccd after (hc wnit. All the ta[)c sticks occur[cd at [ape
toc;l[ions Ibal tl:d not hccn usc(i for mrrIIy IIIoI)(hs. II)  lhc  (mc

CWW, tl)c t;l])C m-stuck dul-ing a direction chnn~c  ilnrnc(iia(cly

f{)llowill~l  arl Lllls(ick  aclicru that had oniy  tlm 2 sccomis wait.

fi.S Satclli(c I’our- Opcuation$
‘1’hc n c w  Orbitai  I’tmc (;1)S sof[wmc  ccrnlaim  a

nulllbcr  of addi[ior~al  ca]mbilitics  for troth nor[nai  an(i faul[cd

l)hflS opcr:ltions.  OtlC  ofthc  rmv ca]mbiiitics  iucl Ldc(l il(i(iir)g

]Il;t[ kcr z,()[)cs  al b~tb cn(is of Mpc O(I aii f(llll  tr’iicks  and  having

(’l )S command lr:ick turnarounds wi~cr] lhcsc arc detcc(d  thus
p[ccluiirlg [hc lK)”I’  (1101’)  dc[cctioll  f:(ilulc that dcsmycd  the

tcslt~cd  urlit,  ‘1’hc ( 100 tic) rnalker  xoncs rcsuit  in a Lrsablc  tape

ic]]~,[ll  Icductioll  of about 240 ft at }103’  cnci (Il)nin(air]s  {hc 25

\\’! [iix)rrlid about 65 ft frol]t  l;[)l’cIKI  (about  I S00 feet of ‘dsob]c

[ai)c  rcll)ains). Ano[hct cai)at)ility was the nlclgirlg  of  the s i ip

ll)ollilor” fault pmlcclior~  wi(h the dcrivcci (~I)S t:ll)c pmiticm

indicator to crlsLrrc [hc I)h4S is stoppc(i  if: I ) IIIC I:IpC slips

ior}~cl  than Ihc p]csct titnc or 2) if Iltc Iapc rllovcs  mmc than

holf-wtry  irl[o a Illa[kcr  mnc.. Scvcml  otbcl protection

calmbiiitics  arc aiso ir)cl Ll(lc(l w h i c h  p{ovidc cr~hanccd

rot) LlstrlcSs.

About ? . 5  d:iys p r i o r  t o  [bc star[ of [hc ciar)yrl)cclc

clKwuntcl scqucncc, via a sl)cci:lliy  dcsignc(i sc(iucncc, arlo[hcr
toim Comiitio[lirlg, cxcl-cisc was  pcI for[llcli.  “1’llis cxcrcisc,

Lisirlp,  ptaytmck  rnmic at 100.8 kbps, consis(cd of fout rmrrriy

fLlll  ldI)c JKIsscs.  ‘I”tlc corditiorling  was purlmscly  piannc(i  tcrgo

irlto  the rltarkcr  rc~irrrls  to piow tape cicbris  aw:Iy fro]~l where
scicr]cc  (int;I  rccm(lirlc  is planned, I’clcrnctry  i[](iicatcd lhc

11h4S workc(i  pcrfcctiy bwc(i or} IIK)tOI- CUIIMI profiic  nnd Mpc
imsition  da[:I  aII(l  no s l i p  nionilor t r i p .  l]cc{tLISC  ttlc I)MS i s

csscrllial f(]rltlccrlcoLlr  llcIscicIlcc,:  i])MS r“ccovcryc  or]tin~cncy

pl;iII was  (ICVCIOIIC(I in c a s e  [I]c l)h4s s]ii~  rrlorlitor (ii(i trip

(iutirlg the taj)c corditicrr]irlg  cxcrcisc.

A hcLlr istic  lnzrthclmticat  tal)c stick  ]wcdic(ion  rt)o(lcl

b:is lwcrl (icvci(ymi incorporatirlg  aii apparcn(iy kcy 1  )MS

Lls;t$c pararl)ctcrs.  1( sLlcccssfLll  Iy ‘Li)rc(iicts” ali tt)c obscrvcci

l)h4S s t icks  nr]d tile “obscr vd” no-slick ol]craliorls. A l l
scqucnccs alc rlow’ rOLl[inc iy chcckcd wi[ll [Ilis rnodcl m a

fur Ilwr protectim  ag,airlsl  stickir]~. ‘1’apc titlm ill prick (r”ccl),
s])cc(i, Mpc across hcd cacb rlln, c.tc.,  :\rc. parnlnctcrx.

(iO(i ‘1’apc ~onditiolling  l’l:ins
l’lojcc[  I)]arls  cLll(crl(ly c a l l  f o r  I)crformill~ t w o

st:tl)~imli7c(l  tq)c col)(titiorlirlg cxcrciscs cvcly orbit, cmc  pOst-

cllcoLlntcr  ncw a~ma~lsis  aid another prc-cr)counler, compact ing

willlir}:1  (lay orso” frotl]  Ihc  stal t of thccncoLrrl(c r(iata  rccor(iirlg

scqucnm. C;cricr  filiy,  ttlcrl)axirllurll  tirllct)c(\\~cc  rlcc)rlcli  (io[lirlg

cxcl L”iscs wfiil t)c al)out 30 (I:iys. IIascd otl .qoutl(i ar)d {light

cvi(lcllcc, ttm cut[crlt ]Il:\n i s  consi(iclcd adcqua[c  t o  rc(lucc

Sig,riificalltly  the ilrm~]cc(s for tili)C slictiin~.
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“1’apc  cmdilioning  ac(ivi(ics  were pcrloni)cd on July
‘2S andAOgLISI31 in prqmralion for (hc<ianyll~cdc-2  cIIcouIItcI

011 Scptclllbcr  6.

(L7 (;aIly’lIIQ(lc_  PkW!l!!crs

‘1’hc [i:lr)yll~cdccllcoltl~tcrs  on June 27 arid Scl)(c[nbcr

6 were pcrfor[ncd  using the ccrmplctc]y  new C~l)S and scicncc

flight sol(warc  and new l)MS fli::ht opcmling mlcs  based 011

II]c cmfcnt  knowicdgc  of Ili.ghl  and  ~Iou Id tcsl d a t a .  ‘ll Ic

scqucnecs  wcrc[lcsig[lcd bascdon  lhcprcmisc that  the tape can

stick  and can a l w a y s  bc urlslLlck  will]  a 7.68kbps  forwmrxl

motion. It  was csscntia]  (hat the SC(]LICKCS  be dcsig(lcd to

a v o i d  s l i c k i n g  I)rirrr- 10 moving the tape in rcvcrsc. ‘l’hcl-cfolc,

lhc scqucnccs  itlcludcd minitnun~ wai[  titllcs (Ready) bcfmc

[he. ~.lN autonolnous  unstick  action. ‘1’hc 1 ~MS  worked

ftawlcssly  during bolt)  the erlcoLl[llcrs and al]  dala was rccu  dcd,

l“hc ]ccodcd clata fmlll (i 1 was rc(urncd aIId the l)h4S workd

pc.rfcclly.  Gllcmtly,  the rccodcd dala  from [hc (i? cncou IIlcr

is being rctu[ IIC(I  and the I)MS is winking Imfccdy.

7. ‘]’~lJC’  1{(’COl(lCr  (])h!s)  ],0SS  ~Ollt~rl~CllCy

AI IIW OLJISC[, the Iargcsl  set of possib]c causes tlm(
Inig,ht have explained the flight I)h’l  S anotllaly  was made ul) of

things  which coulcl n]can iotal  loss of the ]ccoldcr for lhc

lCIlliliI)(ICl of the nlission.  Rccausc  of (his, final work  011 Itlc

or bilal opclations 01 }’hilSC  2Z, ilight soflwalc  (l; SW) was

SiISpCMICd  iiii({ (hc (Icvclopmcnt team rcfocuscd as a tigcl  Ica]])

10 a(tClllJl(  ttlC dcsig[l  ofaspacccraft sof(warcsct,  Cali C(l “1’tlil\C
3“, which would  allow a nlissirrrl (0 bc pcl forlllcd  willmul a

ta]w lecotdcl”.  I’lmsc 2 rcl]laillcd  suspended for a nmnlh  in
order 10 Cm]lplctc  the targc[  l)tmsc 3 dcsigo even though t\vo

weeks into the dcsi~n, it appeared (hc ftig,h[ l)h4S was
rcco\~ciatJlc.  ‘1’t]is scclion bricfty  dcsclibcs the design. I’arl  of
t h e  dcsigll iS now bcinp, built as i] tlackg,rolld  (i(Sk (tlltiIlg Ihc

(ialilco  Olbilill tour, as ii contin~cncy.
“1’hc pl ilnal  y objcctivc of the ]’hasc 3 dcsigll  was to

]mvidc  a way (o gc.t in)agcs  (SS1 ) wi(hou[ the I)MS. The

J’llOtO]X>IiLl  ilmtcr Radiometer (1’1’1<) also did ml have any

real-lilllc scicncc capability in l’hasc  ? a[td thclcforc would

Iosc all sciclicc.  lcturn  capability with ttlc loss of tile rccordcl

SO it 100 was a pri(wity. ‘J’hcsc I’hasc  3 capabilities ncdcd to
bc availal]lc iu lilllc for  ttlc  GaIIyIIIc(lc 1 ((i I ) cncoull(cr in

Cii]ly  July 1996. A secondary objcc(i  vc was  to provide clltmncc(l

scicllcc  Ictur[} capability for  OihCt  ills(rumcn(s  Whcle possible.

‘1’hc dcsi~ll  tcal]l  quickly urnvcIgcd OII an aplmach

w h i c h  Wil’i t)~lSC(l  lIJ)OII  (tlC tl)C1l  llClll’ly CO1l)JJICtC  [tll(t \Cly

lllo(llll:lrl’l~:isc  2. sOfl\va[c dcsigu. ‘1’his  il])J)I”Oi\Ch  })1 cscrvcd  tl~C

new, cnhaIlcc(l  (lowntiflk  Caj)abilitie.s  (alrca(ly  built  inlo  l’lmc
2 :11)(1 cx(cnsivcly pI[)ulId tcs[cd)  1111(1 limited (tic lnagniludc 01

(IIC cdc vlmns,cs to solnc.thing that lnight  actually bc possible

(o con~plctc in [ilne foI (IIC (; 1 cllcour~tct. A brief list of IIIC
Cl]anscs  10 bc in I]lacc by Ihc (i 1 CtImUIIl  Ct-  f o l l o w s .

(’OIIIIIHN1(I  and l)alil Subsyslc!ll.  (0?s);

- l)clctc all  CO(IC associa ted with rccwrding,  play bacli,  l)MS

conti 01 ad fault protection (:lbOll[  42 kby[cs);
- l)clc[c :111 inactive scqucncc  lnc]nm  y (32 kt)ytcs)  t,ul cxlmlld

IIIC C;l X-A stl  ing ac(ivc  scqucncc  mmllory  frcrm 8 khy(m  [O
12 kbylcs;

Add (hc space freed up by the code and scqucncc dclctims  (o

the l’l]:isc  290 khytcs  h4ulti-(Jsc  ]Iuffcr (h4~J13)  to cxpaml  i(

10 iltK)llt  1 6 0  kbylCS;

- Add the caimbili(y  to process SS1 ima~es  in real-tiillc. l’his

c(msistcd Of passing lhC Slll:ill  blocks (SX8) of  illlilgC  pixels

frolll t}lc inslr  Llnlcn( ~(~1) dircc[ly  through (he Inlcger  (;osirlc

‘1’lat~sfolll~  (1(~’1’) colnplc.sso[  withil) the. Attitude and

Ar(iculatior]  G)ntr’ol St] bsys(ctn (AAC;S)  and then into [hc

MUII;

- A(ld ai~cwl’1’1<  l{cal-til~~c}ligtl-r~l~  cScicrlcc(l{llS) c:lI)al)ility;

- ltllImovc  NIh4S scicncc rc[utll  by rc[~lacin~~ [I(c l’tmsc  2 rcal-

tilm c~pi]bility wi(h a ncw  NIMS RfJS capatri]ity  wtlich
woold  bc ttlofc> sin~ilal  to the ]’hasc  2 Nlh4S lcc(~r(l/])l;\yl~:lck

capability;

- l’lovidc  allglllC’lltCd  AA(’S attitLldc  i[lfonlla[ion  picklup to

sulymrt  the ncw N1h4S arid l’I)R capahi]i[y.

~A<3:
M o d i f y  (hc AA{~S 1’SW  (o incrcasc  track~tourd

p]occssing capability (i.e. - 1~’1’ ccrrilImssiorl)  ilrld dccrcasc  the

(I uisc-to-lrwr  [ial Inmlc Iransilion  tirnc. ‘1’hc t-ilst  01’ [Ilcsc

would allow 1(~’1’ processing with gyros ]mwcrcd orl (riot

allo\vcd irl }>hasc 2) and (he scccrnd would allow more scicncc

ilcqllisitioll  dul”irlg Cncourllcr’s  by rducills t rans i t ion  W’iii(
tirllcs.

After the abcrvc initial  caJJability  \\ri\s in place,  two

o}>tional  paths cxistcd for  fLlllhcr Cnhanccmcnts: (1) Rilpi(l SS1

Iaw irnagc rca(loLttclirc’ctlyto the h41Jll (bcforcl~”l’  proccssirlg)
slid (?) ncw 1{11S  II IOCICS  for [t]c tJVS aod  J’WS  instlLll]lcr~ts,

~~ius new hi~,hcr  rate Real-’l’imc Scicncc (R’J’S) pickup for the

1;1’1),  h4AG,  aild  }’1 .S irls(lumcilts.

‘1’hc raJ>id  SS1 raw daIa  readout (Iircctly  into the h4LJIl

ca]mbility (before 1(T processing) was ccrrlsidcrcd the higher
l~]io]ity  activity since ra(liation  hits (0 the SS1 illmgcs (luring

ltic long dwc]l t i m e  in ttlc ~;(l) (Iurir)g t h e  s l o w  ( s e v e r a l

Inirlutcs)  readout dLlrirlg  1(H’ processing (hroLlgh  AA(X WCI-C

cxl)cc[cd  to scvcrcly  limil  the size of (hc il(qcs (ha( coulci bc

rc(ur nc(i.  ‘I’hi S CilJMlbility  \VitS not irl C]lld  Cd ill lhc. (i J pOCka~C,

bcca(rsc thC l:SW IC:lll] W’ilS not sLrrc  at tllc linlc that it WilS CVf2t)
feasible (still  an open issue.) and thus did not think  that it could
hc cmllplctcd  irl tirllc  for the cncourllcr.

If the r-ajlid  SS1 raw data readout [o ttlc MLJI1 \vas

fould to be fca$ible,  it a}or~e would bc cmllp]ctcd  foi’ the rlcxt
lNW upload  aml the exlm]ldcd 1{}1S/1{’1’S cal)ahili[ics  Iistcd ill

(?) atwvc would not t)c dorlc.  Othcrwisc,  orlly ltlc items in (2)

would bc Completed.
Af[cr  tt)c corllplction  of the l’lmsc 2 INW, thcdccision

\va\ ]nadc {() t)cgin developing (hc l’hasc  3 INW for both (;1)S

arid  AA~S. ‘1’his  dcvcloJ>rncnt  is being dotle  as a low l e v e l
backy, toulld  t:i\k (1’l)asc 2 rllai(ltcll:(tlcc/[cJ]:(ir  being a higher
priot ily) as a corltirlgcncy agairlsl the possihlc  futulc  failure of

the talE  Iccot(lct.  OIIly ttm SS1 direct 1[~’I’-t{)-MUIl  and 1’1’1<

CilJ):lt)i]ity  rcstotatioll  WC bc.inx i n c l u d e d  ill (his (iCVCIOpIllCl)t

(r)() SSJ rii\\-to-h4111! orRIIS/ltl’S cr)t):iricc[llcr~(s). ~hal~gcs to

tlw ~,rourd systcrn t o  sup]mrt t h e  l’hasc 3 liSW a r c  trcing

dcfc.[ [cd until nccdcd  since tl}cy arc lclativc]y  Illinor.

18



& 1’roIJll~Qot!..Sys[crll.  lssucs

A major coaccra lollowi(~g the Olbitcr I)cllcction
MaIICLIVCI  (Ol)M) ia July  1995 was dIa(  tlvc  Imliull)  prcssata!lt

clwckv:ilvcoa  lhcoxidiz.cr  sidcapparmtly  was aot CIOSCC1l. ox

picssurc  incruscs faslcr lhaa fml pressure wilt]  tclnpcta[utc.

Aay  incrcasc  ia propclkrnl  tanks lcmpcralurc  could  cause (IK

unchcckcd ox side pressure 10 crack open the. fuel cbcckvalvc

and rcsllll  ia helium cmvcc[ioa (If ox vapor to the facl side.

lilcclI ical JIowcI mat gia, which i s  hardwirc shualcd to Ihc

pr(q)cllant tank hcatms, was maiataiac(l  csscalinlly  mnskrat tO

avoid coavcctioa,  i.e.., [bc tarlk  (cm])  cratu[cs wcrt’.llclclcorlsl:irl(

within 0.5°C.  l’his  was a major undc.rlahing implcmcntcd  by a
co][lt)it]atic)l)  of’ scmliag maltimc  commaacis  to ovcr[idc t h e

slmcd  scquc.acc  commands and scqucacc charlp,es. ‘Jhis
operational rcquilcmcr]t was caforccd  through lhc apptcmch

and Jupiter cacour](cr  aII(l  uatil  shortly af’kr (hc l’crijovc  Raise

(l’JI<) n\:\ncwvcI-. Althcmgh  potential for cncrgciic  rcactioa  of

Iwopcllants  ia tllcl]rcssllli~ atiorj syslcrtl  wascxtrcrllc]y  low, all

rcasoaalllc slcps were taicca to miairnizc  the plosl)ect of aay

pmpcliarlt  millgliag. ‘1’hc lc.adi  ug cnadida[c  CaLISC  for the loss

oftlmhl:lts Obscrvcr  Spacccraf’[  was liclLlicll>lO1]cll:irlt  mir~gling

in a lll-cssllrir;i(ior~  Iillc.
‘1’hc missioa  critical 1’JR maacuvcl  was cxccu[cd

sL!cccssfu]ly  or) Marcli  14, ]g%. ‘1’his  was t}~c final usc of’ lhc

4(K)N  cn~irw.  T’hc maneuver irap:iltcd 378 rnctcrs/scc  to the
spacccrall, aaci h a d  an accclcrolnc(cr  coalrollcd shuldowa

wi(ll ao.2%, undcrburn.  Witl~tl~is]~ial~c~lvcr,  the.JuJJitcl clmcst

a]ynoa  cl) was raised to 1 1 Jupiter radii to,@ mlt of the ia[cnsc

Jul)itcr  rodia[ioa,  Scvcml acw rcquirelllcn[s  WCIC lxrr[ of this

activity l~irs[,  [hclc. was .a concern about  ttlc f’iitcls  in tlw
]m)])cllalll I incs ,gc[tiag  clogged by an ovcrburdca  ofpar[ica]ntcs.

lf (IIc. filters rcstlictcd the flow to the cagiac,  there could he

cloggirlf~  aad pok.alially  caktophic dcstr  action of ttlc caginc
wtlicll  coLIld I isk the slmcccraft.  }lcca L]sc of this  ] isk,  ncw fault

Iwotc.ctiml was added which monitored the propcllatlt Iirlc

I)lcssurcs  and WOLIld  shut dowII lhc r]~aacuvcr  ifrcquircd,  I’l]c

1’J1< IIlancuvcr  could  bc coi]jplctcd  late] with tlm ION thrastcrs

il) s u c h  aII cvcat.

‘l’hc O(hcr acw rcquircmcat w a s  to autor)om(msiy

isc)latc the }Ic  pressure rc.gulator irllrldiatciy  followiag  [hc

bum. ~’hc pulfmc  of this  was to climiaatc the C)x chcckvalvc

opcm cor~ucl II l~y ca])till ing a favorahlc crxidi7cr/fuel }ncssutc

gradicnl (0.5 bat- tlighcr  on the facl side) for mitigatiott agaillsl
!u[utc oxidi~u vapor  lramporl. l~ollmviag the I’JR burn, aa

arlorlla]ous  0.7  bar low fuci ptcssalc was observed so the 0x
l)ICSSUIC was ] .? bar  above [hc fuc.i ! A ~-d%  low  (hlLIS[  w a s

also  ol}sc.r vcd consistent with  tlm low fuel plcssul’c.  With this
diffcwrlti:tl  it] prcssulc, it  was highly likly  that  the 0x
c}mckvalvc  was holdirlg  siacc normally the fuel ctlcckvalvc

crack at 0.5 bar-. LJafortur~:itcly, ahsolutc]y  l-alirls  out (I)c
lmssil)ililyof  v:lI)orlltillsl>cJtl  wasslill  ao[possiblc,  ‘1’hcanalysis

cffol  t was tllcn tal f,ckxl to assc.ss the worse. case cmmqucnccs

of vapm traaspm [.

A thotoug,h  Iisk asscssrncn[ by J1’1 ./l) ARA/l)ASA

cstat)list]cd thal lhcrc was csscatially  no r i s k  of a  harlnfal
rcacliorl  ill lhc cvcat of va]mr  trar)sfcr  frwrn ox to fuel side

par~icularly considcrinr,  1/3 the. tank volulnc of flesh hclitnn

\\,it\ ir~jcctcd duriag I>JR and diffusion rates arc S1O W. C}ivca
lltcsc results, lhc power margia  iacrcasc  1045  wat[s nccdcd  for

tl}c olbital  tow was implcmcntcd  with a 15 wall  pad (total of 00
watts) or) April 15, 1996. ‘1’hc taaks were allowed to thcnl~ally

s[al]ili~ca[  highcrdiffcrcntial  pressures than ori:ir)ally]~l:lrlrlccl

fw tllc rcsl  of the lnissioa.

‘1’hc conscqucat incrcasc  it] ox/fu prcsstlrc  delta was
clmc to cxpcclalion aad no vapor traasfcr occur led. ‘1’here is

rlow ao threat of vapor traasfcr durirlg  the toul bccausc lbc
I]tcssurc  delta will rcmaia  WCI1  [)c]ow (hat ({c]llol)s[l:llc~l,

1 lvidcncc  also is now ovcrwllclming  that the ox chcckvalvc is

cticckiag  pl-opcrty.  l’cr forinirlg the mbi[al [our ia blowdown

lncxlc( IIc supply isolated) is perfectly satisfactory ar~d

Clilliiaatcs  ttlcl]rcsstll-iz:itioll  systcm from ally furlhcr  operation

corisi(lcr:itic)lls.

~ ],o:lc]itlg  of tIW Orbital l’t!m~c (2A) Irlight  Soflwarx’. .
(Ilu,)

‘1’hc capabilities of lhc orbital I;ligh[  Soft\varc  (I;SW)

alc dcscribc.d  in Rcfcrcn cc. 2. ‘1’hc des ign,  tes t  ,  and
itll]]lclllcrlt:itiorl  of lhc comrlland  packrgcs ncccssaly 1.0 load

tllc ncw Atti[udc  and A r t i c u l a t i o n  Corl[rol  (AACS)  arid
(’or]llllaad  and l)ata Subsystcrns  (CIX+)  aad 8 of the 1 I scicacc

irlsti urn cats arc dcsct ibcd  irl this section.
“1’hc in-l;light 1 ,oad (l};l.) had to fit in the schc(iu]c

aftcj the I)J}< ia ]nid-hfarch  1996 an(i before the first of the

satellite cacouatcrs,  Gaayme(ic  1 (CJ 1 ) or) Juac 27ti~, a pcrimi
of’ or~ly 12 weeks ,  “1’hc. gml was to cmnl]ictc.  ttlc 11~1, e a r l y

Crlollgh  to re[urll  tile lo’1’orus ficl(is  an(i particles scicacc ciata

lCCO[dCd  on lkccrllhcr  T[i], bcf~~~c tile G i Scqucllc-c  was
ul)liakc(i  to tllc Spacecraft (S/(1). (See l~igurc  4.) 011 tim basis

of tl]c l’rojcct  cxpcricacc  wilh ti]c ll;l, of tllc l’hasc. I I:SW,

ulllir)kc(i  in 1995, 7 weeks were [catatively allocate(i  ft)r the
]’]I:ISC 2A ]];l..

‘l’he. i~ian, as shown in l~ig,urc 17, calic[i  for ti~c ioa(iing
oflilc V:lric)llss lli)systclllss  c(]llcrlli:lliy.  Origirlaliy,  ti]c l’rojcct

thollg})t  that tbc irlslr arl~cnts c o u l d  be ]oa(ic(i  I)rior to tbc
ioaciing  of either tile AA(3 (m the (~i)S aa(i left irl aII idic In(Kic

urllii  ]atcl”. ];or some irlstrurncnts,  the Mzr~r)ctolnctcr (MA(;),
the I)LISt  I)ctcc[or  (1)1) S), anti ti~c Near Infrawci  hfiap])ing

Sj,cctrmnctcr  (NIMS), this was possib]c. Otilcr irlstramcats
concludcci  tlmt the loa(i slmul(i  bc (icfcrlc(i  urllil  the C:I)S  was

ioaLic(i  with ti]c l’hasc  2A l;iigilt  Softwatc.  ‘1’hc I’mjcct  also
dcci(icd tocileckou[ the C1)S Scicacc \’ir  IUal hfiachiac  (SVM)

ttlc collection of cn{ircly  new’ functions that  mmtrolic(i  tim tape
rccolcicf,  scicncc ciata  cciitia~,  cotllprcssion,  art(i  ltmrla~crncat,
an(i tiIC (iowrlliak-  the AACS l(~rl’cc]llll)rcssi(~r~  aaci cacil  of the

iastralncnts  as soon as possih]c aficr the II;l, was complctc,
‘1’ilc iaitial  coaccpt  [cvicw of ttlc II;l , by the l’rc)jcct

w:is  idd or] l;cbl aar  y 8til, ‘l’he I’K)jcct  ciccicicci  ti)at it wouid not

bc ncccssar  y to tcsl the lrlslrumcat imrd  comtnaad  packa:es oa

the ‘1’estbc(i.  ‘1’csthe(i  validation of (he CIR aaci AA(Y+  11;1 ~

cotlllllaa(i  packages woui(i  hc rcquircci, l:or ali Cornlnan(is

associatc(i  witi]  armllla]y rccovcry, first til)lc  SK mtivi  tics, or
ac[ivilics  lhat am very co[ni~lica( cd, ttic l’rojcct  i~as, s i n c e

1,aurlcll, rc(iuirc(i  ti~at tile colnll~atl(is to bc scat to tl]c SK b c
plctcstc(i  011 tt)c’1’cs(t)cci:  ttlcbalciwarc  an(i s(lft~v:l[ccc]l]iv:licrll

]9
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ot’ hc. I:lig,tlt  ~lJS, AACX  and I’apc Recorder (l)MS). Iiarlicr
on, doling (IIC  proms  of validating lhc I’hasc 2A l;SW, (IE

1 ingimwing ot 1’I”OIOIYPC lnstr’uments  were rclurncd to J1’I.

ald  wc[c ind iv idual ly  intcgratcct  itltOtllc.l’cstl>  ccl. 17 iortocircb

of (be ins[rwmc’nl  Sof[wmc  Ics(s, t h e  Collllluulds  lM w o u l d

la(cr bc usd 10 transmit the l’hasc  2A software to cacb

instrulncnt  were usd to load the sotlware  in tbc ground based

instruments. ‘1’hcsc tcsls had been rcpcatd aI [cast [brcc titnrx

Ior cacb instrument. It was not considcrcci  csscntia}  lhal [}icsc

cmmtmds bc rcvalidatd  on the sam tcs( vchiclc bc. fore

translnission  to tbc hligbt Instrolocnts.

Altcl [hcconccpt  review, informal testing of tbc C1)S

ll;l .co]tltnands  wasundcrtakcn.  l’hcsctcs(s  rcsultcd  in changes

that wcm tested again until lhc commands would do tbc job.

‘1’hc I’r ojcc[ tbcn formal  1 y fipproved  the colnmrrmi  Jx\ckagcs fot

gcmcra(ion:  translating the cmmnands  into a forrwrt  tha( can bc

accclltcd  by tbc tracking stations for trtlnsrnission  to Ibc S/~.

l’ollowing gcnclalion, (1w packa~cs  for the AA(3 and (’1)S

were then rctcstcd on tbc “1’csthcd.  liven al this poirl(, Solt)c

problclns  were discovc.rcd  and the I’I ojccl  bad [0 clctcrllli  nc

w h i c h  of tbc rcqucstcd  chang,cs  w e r e  csscr~(ial  and what

additional tcs[ing, if any, was recluircd. l;rom  the tilnc  of tbc

original (k)nccpt Review until the 11:1, startcct  sligblly  tllolc’

than tl]rcc mon(hs  had passed and 422 hours of test bad been
accolnplishcd.  Tbcl’lojcct  was then contldcnt that its intended

lon~, raop,c brain sul-get y 00 the. spacecraft computers would bc
successful. As a by-product of tbc tcs( program, a set of

prdicls  WbiCll Woll]d  ~][OW  dlC ~ll~]ySIS tO dCtCIlllillC  (bat il

w,~~ss:lfct~)I)roccc(l  tothc IIcxlcollllllatldi  llgstcp wclcavailablc.

g 1 ~IIS I~IInW  2A_ Ihlnctioljality. .
Tim l’base 2A (JX l;SW was dclivcrcd  on hfalcl~

17th. At (he time of the “final” delivery, (bcrc were sevc]a]

lcsidual  problelns  so :lccc)llllllod:t(i(~rl  for soflwarc  rdcli\’cries
or patcllcs  in tllc It’1. co!nluarl(i generation scbcdulcs  and tcs[
plans \vas nc.ce.ss~ry. Mosl of this cban~c  tr-affjc  invo]vcci the

ncw lapc  rccordcr  fault protection. I’hc tlnal patches to (IIC

(11X softwar-c WCIC dclivcrcd  on April 17th, jLls[ in tinlc  f’ortilc

find tcs( ofttm  CIX ll;l, and only 30 (iays  before lhc Unlink  of
ttlc SOft  WillC  began.

‘1’hc sco])c  of tile. cbangcs  to the O)S was Trlassivc.

l;ifly-cip,lll plus pcrmnt or 224 kbytcs of 384 khylcs  of CIi>S

lrlcrrlory WCIC reloaded with code. 147 khytcs arc dcvotcxl  to
twf(cls ncccssary  f o r  inlcrnai ciala rnanagcrllcn[  and f o r

sc(iucncc s[otagc. (h)!y  1 ?K by(cs lnargin  remain.

At 1 AUIICII, (IIC C~i)S was (ioad r’cduncirrnt  with  four

i(icnticai copies of tile ~IJS soflwarc  storcci in the rncrlmry.

l’lmc 1 CII )S used apploxirnatc]y haif  of ti)c CUIX Incnmr y 10

stoic l’rol~c data so (1X opcrtltions bccalllc  dual rcdurda]lt al

tlicias(  oplm  lLrnily  10 groor)(i mnll)anci a mcr]mry  swal) which

was days before tl)c l’robe Rciay  began. ‘]’bC ]%:ISC  2A WaS  SO

lar~c [Ilat even Cotlli)lctc  dual rcdumiancy  cou ld  110( bc

rllaintainc([. llowcvcr, bcailb  and safety functionality was

rc(iundantly lnainlairlcd  so if tbc spacecraft fault prolcclion

was rcquir  cd, it COU]d bc CXCCU(Cd  wi(h scJmratc bard ware
cxccutir~~, duplicate coi)ics of csscnliai  co(ic. (’1’his, in facl,

occur id duc to a ~lX fault on August 24, 1996 SC.C Section

I.)

I’bc n c w  C’l)S l’ilasc 2 A  ir]cludcd:  ]J:ickctiz,c(i

[clcmc(r  y wilb  advancc(i Reed-Solornon encoding, 8 downlink

(iata rates (8- i 60bps),  tape r-ccodcr  record and autorllatcd,

a(iaptivc,  [ab]c  cirivcn  playtmck  rnodcs, scicncc (ia(a  selection,

sampling,,  sull~lnaliorl  anti colnpression,  and low rate real-ti[lw

scicncc downlirlk  forllla(s. As a s])cciai scrvicc  to sclcctcd
scicncc instrurllcnts,  autolr)atcd  loading of ontmarci  s(orcd

rllo(ic(icI]cl](icr)t  instrument sof[warc waspmvidcd.  Real-tirrlc

c(iiling  of optical navigation irnagcs  was also plovidc.(i  using

satellite litnb  finding noci dlc cxclusivc  downlink  of star and

satellite datfi  only.

9.2 AA{3 IDhase 2A hnctio~!ality
‘1’bc scope of the.AA(X II (l. was rrlodc.st  cotnparcd  to

[i)c I’lme 1 AA(;S ll;l. an(i Itluch srllaticr [ban tbc (11)S I’base

2A Ioaci. ‘1’bc  AA(X load \vas only 4000 bytes, nlost ofwbicb

\va\ loaded into the scra(ch pad area of (IIC of f - l ine or
rcdun(i:int nmltory.  ‘I”hc necessary Iinkagc allowing access 10

tiris patch by tbc AACS opcratin:  systcln  }]ad been lot)dcci as

a Imrt of the AACX l)basc 1 lf~l..

N c w  f u n c t i o n a l i t y  incl Lldcd: lntcgcr (~osinc

“1’riil~sforlll(l~~’l’)  dnta  compressor for t}w ill)aging  camera and

t]lc l’lasrlla  Wave instl urr~cnt  data, the Ciyro AACS input/
Outlmt (1/0) in(crac(ion was ruciucc(i 10 provi(ic  nlore [irl]ing

]Ilargin  wbcn tbc lCT’  com~ucssion  fulwtion  \vas in U S C,

alltolrl:llcci{  iyrc)cir  ifl(iclcrlt lirlatiorl forusc  (luring ior)gcillra  lion

[111 ns at atti[udcs  wbcrc slw trascd attilu(ic  information woul(i

not bc avaiiabic,  anti g,y10 hcatc.r fault protcclior~  chan~cs,

J’r-irrr-  (o tile I’base 2A lfO,,  the AACS was ful ly

Icciunciarl(.  l’hc 10” compressor requires access 10 the off-iinc
lncrilory to opcra(c thus this aspect of the ncw l’tme 2A
ca~mbili(ics  is not miun(iant.  Ali AACS health and safc[y  ami

ail core en~incc[ inp, functionality rc.lnains rcdun(iant.

~ 3 ]rjs(rlrlllcrlt  I’]HWC  2A lknctionality- . .
l;igbt  of (hc clcvcn ins[rurncnts  bavc  colnputcrs  [ha(

arc rc’l>)ogriil]]l~):it]lc;  fo[ the. l’ilasc  2A alt  ci~, h( (iclivcrc(i  ncw

sof’[ware. ‘1’tlc ciclivci ics occurlcti  over sc\eral  ]nonths \\’ith

(1IC finat (iclivcr  y on I)cccrllbcr  15, 1995. I;our ins(t orlmnts had
10 rcxiciivcr  [hc l’hasc 2 A  sof[warc t o  cor[cct  problcrrls
ciiscovcrc~i  in lnstrurncnt  integration tcstin~  and /or systcrll

tcslillg.  in terllls o f  tbc ll;l., tire insll  Lllncllt  soflwarc  was
avai ]ablc when ncccicd,

}lli)(i:lrl)crll  ilily, each of Itvc illstr Llrncl  its limt \vas
rcj)r{~~r:irl~rl~ccl-  SS1, Nlh4S, (Jltraviolct  Spcctronlc(cr  (L IVS),
])LIS1 i)c[cctor”(l JI)S), lixllcrnc  tJItr:{vic)lct  SIJcctrc)lr~ctcr(  l;lJV),
h4a~r~ctol],ctcr  (MAG), Hncrgctic  l>arlicics l)c(cctor  ( 1 1 ’ 1 ) ) ,

ami  l’laslna (1’1 ,S) sclcclivcly  included data sulllmation,

avcl aging,  rll[)(tcclcl~crl(ic.r]t  ciata Scicclionl  arl(ici<lla  forlrml,tir  l:,.

‘1’his was lhc first titllc since laLrncb (bat all of (IIC

ins[r Ltrr)cnts capable of being rcl)tc)gl~lrlllrlc[t  were rcioadui.  In

the past, in(iiviciuai  instruments ha(i been Icprograltln]cci  or
imtcbd  to cor(cct specific illsllllri}cn(  softw,atc problcr]~s.

9.4 AA(:S lFI  ,
AACS was colnmande(i  into ttm all-spin ]I)odc.

Wt ilc prolcds  were lilted an(i an abbrcviatd  rncrnol-y  (cst of

tlIc a[l~mpria(c  porlion  of the off-line IJlclnor y was com~)lctd.
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i l lustrated in Iiigum }7a. IMllowing  lhc load the instrulilcn[

lnc]]m  y was chccksumlllfxl, lhc  ins[rumcn( was  hmml on and

ils data  scicclcd  !01 Wansmissirm  03 (I1c ground, l;or Inos[ of’

thC iOStl  UlllCl)tS, dCfil)itiVC StatUS  :lSSCXSIIICIII  K!qllild (hC

inslrulm n[ 10 hc opcrald aad for scicncc data (0 he c.valuated

a!O1lg Wi(h [hC COIl)pal’a(i VC]y lllOdCSt  ~l)lr)ll[l[ Of iIIS(l lIIIICII[

cagincel  illg  dala which is (lownlinkcd  as part of (hc scicncc

data  strc.am. ‘1’hc 1 I‘1, apprmch  assumeci  that any prmhlclm

dctcclcd in the load of’ a particular instt un]cnt, i.e., failed

chccksullls,  would result in the instrLlolcnt  turii-off hy ~roLlnd

comlmiod. l’hcsuiwcqucnt  lrmiin~c)fothc~  instrulncnts  would

continue under scqucncc control and atkr t}]c scqucncc  had
hccn colllpictcd,  tmublc shooting aad lam the reload of the

instrwmcnt  would k considcrd, l;ortunatc]y,  thm were no
prol)lc]ns  with nay instrument load.

‘1 ‘wcnly-onc  comomnri  packages were gcncratcd  and

tlansrnillcd  durit]g (I1C lnstrLltncut  ll;l,. lk)r l o a d i n g  ltlc

inst[-Lrrllcllt  software ard a brief post-load instrmncllt  checkout,

only five colllrnard  packages were required. ‘1’hc balance, 16

J) XkagCS, WX USC(I [0 CV~[U21tC thC pIC]O[ld  SMIC O f  [hC

instr ulncr~tsj  ommgc the downlink dLlring the post-load ct lcckoLlt

and initialization of the instrLlrncnts  for the CT 1 cncountcr. l’hc

lnslr L]mcrlt  11:1. inc]uclirlg the G 1 lnitialimlion  took 5 days.

~27.Su!utl!ary

‘1’hc l’hasc 2A 11:1, was Illucb  more thaa the load of

nc w fl i~h( soft ware. It i nvolvcd ncw gmLInd hasd hardware

and software cm-lo-cod, fron) the. tracking station to Ihc

conll)utcls  at J]’]., required to process and display the new data

flol]l  (hc Sl)acccraf(.  1( is ofcoursc  lruc, that the ncw systclns
were al l  checked piccc by piccc and in integrated tests prioI  to

the 11:1,. 1 ]owcvcr, never before in the history of p]anctal y

exploration were such complchcnsivc  changes altcmpted  with

a flying, S]mcccrati! 1’1’ Al J, WORK}H)!!  It worked witbou(  a
significant problcln. l’his is a [ributc to people on the (ialilco

tca[n  a( J}’]., tllc tracking stations at Madrid, Goldstonc, and

Grlbclla  and at Scicncc l’rincipal  lnvcs[igator  locations.

‘1’hc 1[:1,  was accomplished in fourlccn days; 21 days

had bcca al Iocatd.  “1’hc process was ciclaycd  a [o(al  of fi vc

titnes,  hut only  lwicc  bccausc of groLlnci sys tem ptoblcr]ls,

‘1’here was a power outage  in tbc control ecntcr  at J}’]. and a
co]llll~and  systctl~  softwar-c problcrl] associated with  the delay

tittws  hctwccn comnmnds  when breaking command packages

into sl~lallcr  sets of cmnlnands. q’hccommand  systcm problcrn

was cor rcclcd before [ranslnission. ‘1’hc level of cmnnmd

activily  Wil’i :11S0  unprcccdcntcd! Ollly Onc delay, 4 lniautes,
was atlr  iblltcd to the tracking stations during the 11:1,. “1’c)tal

radiation tirrlc  during the 11:1, cxcccdcd 8 I hours. ‘1’here wc]c

two days in which Colnmaadiilg  cxcccdcd 14 hours. ‘1’hc

avc[ag,cdaily  ]adiatioa  tirncciaring  thctwowcck  period was 10

hoots. l~or tl]c ]’hasc. 1 ll;[. in 1995 ,  da i ly  commanding
avciaged  5 Imuls al)d the l}mjcct  consider cd that a record !

1(1. Real-t  ill]~ Operations Special.~’o])ics

jfi.1 ltt!lclgcllcy.l’ro jQcl.O1)cr:itiolJs  Cc!ltcr
‘1’lajcetol  y cr [ors,  if uacmrcc[cd, could prccludc a

SUCCCSSIUI  01 bit inscl-[ion prcrcquisitc  to [hc planned Jupitc[-

ort)ital toLlr.  Sirlcc  lnaocuvcr scqucnccs arc dcvclopcd  using

the latest rcccivc(i tracking (iata  ami arc built  ul)on tlm prcvioLis
I[laacuvcr cxccLllion an(i orbi( (ictcr[ninalion  accuracy, lhcy

c o u l d  nol be gcncralc(i  apriori  an(i store(i  for lalcr  u s e .

(’ot~scqucntiy,  thcoccci wascstablisbcd (ogencratcanci  translnit

t[lcsc critical scqucnccs at the pianncd  times  an(i to k abic to
Iransmil  con(ingcncy  cornmancis. l<caiizir~g  [his, the }’rojcct

corlclwicci that  aa altcrna(ivc M i s s i o n  {)pcra(ions  Ckntcr

caimbi  1 it y should hc cicvciopcci that woul(i  pcrlnit  gcocration

of ti]csc ]nancL]vcrs,  scci Llcnccs,  an(i colnrnan(is  slmuici I.ilc JI’1,

operations f’aciii(ics bcco]nc unusahk.  It was assLIIi~cd  that a

I(itljor  Carlh(iuakc.  ccntcrc.ci in tiic vicinity of J1’I.  woLlld  render

tllc spaccllight  operations bLiiidings  inaccmsiblc  to the flight

ol)craticras  personnel making it impossib]c  to develop an(i

h anslnit  the scqLwnccs or comrnan(is.  I’hc mission woui(i  bc

a( gtcat risk. A tcarn was forlllc(i ia Aprii i995 an(i  char(crcd

to i(icnlify,  (icvciop, aa(i intcsratc  all necessary operations at a

rclllotc  site which coul(i bc Lrscci  by sclc.ctc(i n~cmhcrs of the

iligtlt tcaltl to ensure sLrcccssfui  cicvcioptllcnt, tramnission,

atlci execution of any critical scq Llcnccs or corntnan(  is.  As a

filst step in establishing an Ilnlcrgcncy  I)lojcc[  operations

Ccrltcr (lil’rX), a cic.taiicci  review of the activities spccillc(i  by

the Mission l’lan was pcrformc(i which con fir-meci  (beer-iticality

of  tllc mancuvcm. Raciiomclric  (racking of lhc spacecraft,

tclc]oetry l]lonitorin.g,  con]lllanciing, scq LIcncc generation,

collllr]Llrlictltiorls  and ci:ila flow to anti from the I)ccp Sixrcc

Stations were icicntific(i  as the opcra(ion.s  functions  rrcccic(i.

llpon  review of the s[a(istics  report of the Nor(hricigc

car[hcioakc  of 1994 issued by the U.S. l)epartmcnt  of the

ln[erior, ~J.S. GcoioSical  sLlrvcy,  it was cictcr rninc.(i  tha[ a site
ou(sicic a ?5 nliic ra(iius  of J]’]. woLIi(i  most ]ikc]y rclnaia
availabic  for use..

3’IIC 70 t[lckr l)ccp Space Station at Goldsloac,
Caiifomia,  110 n~iles away fro]]) the J1’1, was scicctcci a~l(i ti~c

team began ti]c I;mcrg,cncy  Ihwjcct operations Ccn[cr  (icsign.
‘1’his  si(c ha(i several distinct acivantagcs bcsicics its rmnotc

iocalion. C1OrlllrlLlrlicaliorls  and (iata flow cxistc(i  an(i clcc[ric
power-, air Con(iitionillg,  an(i an urlLlsc(i opcra(ions  area wclc

already  in p]acc. “1’tlc  bLllk of the ]11]()~  irl]i)lct[]c.r]tatic~r~ iay in

Collllmlcr pocurcmcnt,  sof[warc iastali:itior~,  an(i testing.

l’roccssing  of the tclcmctry an(i comr]lan(i  cia[a was
iwovi(ic(i  throLlglt intcgr atioa  of a complete. set of Aciv;aocc.ci

Malti-Mission  Opcratiorls  Systcrn  (AMMOS) sof(warc that

baci i)ccn indcpcn(icntly (icvclope(i  by the J1’1,  Muiti-Mission

[il{lu,~~i  I)ati\ Systcn\. ‘1’i]is  soflwarc  was Iransportui  10

Goi(istone, in(cg[a(c(i  irlt(~tt]c  l~:llci\varcI>]  o\,icic(i  by thcI’mjcc[,

arid  Icstc(i tho]oLrgilly.

[)n  Novcl~~i)cr 2, seven months aflcr  the I)rojcc[ go-

ahcad,  a corl~rnan(i  was sent to an(i tcccivc(i  by the (ialiico
spaccclaft  an(i tcic]nctry  ciata was proccsscci thereby

(iclnorlstlaling  tile oI)cm[ionai rc:idiacss  of the lil’O(;. “J’ilc
IiI’0(1 stmxi rca(iy  if ncc(ieci  anti hai~iliiy  was not, bu[ it is
scr vilrg  as a tnmicl for future flight projects.

10,2  Relay/JOl
“1’IIc I)cc1)  Space Nc( (I)SN) lliock V Rcccive[ (IIVK)

and ~JltracorJc fcc(i Syslcrtl  were lwo rcccrl(ly  [iciivc.reci  piccm
of F,lourl(i  sLlppor  ( i]ar{iware. ‘i’ilc.llV1{  wascicsigne(i torcplacc



the Iccbl]ically  obsolc(c  Block 111 and }Ilock  IV rcccivm, in
addi  l ion  to p r o v i d i n g  mdiomctr ic da[a and an inc[casc  in

dclnctry (Ia(a cpdity, (IK BVR had the capabi]ily  of tracking

a residual or a suppressed cm icr. I’racking  a suppressed

carrier was olg[cat  impcrrl to the Galileo l’mjcct.  l{ccausc  01

(I1c I Iigtl Gain Antenna (l IGA) problclll,  the l’rojcct  had [o

track (}1C spacccl’aft  Using  (Ilc 11111(’h  weaker signal [ransnlit[cd
hy the. ] AN+ {iain  At]tcnna  (1 GA). ]]y sLlpJn’cssing lhc car[icr,

a]ot  c powc.r could bc pu( into the da(a sidebands thcl ~:by

increasing (1IC data Signal [o Noise l<atio (SN1<). I’o cal)turc

this data, bowcvcl-, required a ground rcccivcr that could lock

o n t o  Ihc s i d e b a n d s  w i t h o u t  a car r ie r  be ing present .  ‘J’hc  lIVI{

pc.rformcd  this function. l’crformancc  ilnprovctncnt  o f

apj)roxilnatcjy  + 0.5db w:is achieve.d. Another SN1<

improvctncnt  was achicvcd through tbc usc of an ultlalow

noise S-hand (2,3  Gllz) feed systcm ins[allcd in the 701N

antmna at Gmbcrra, Australia. “J’his  feed syslcnl comlnotlly

called tl~c Ultrac.onc  has ‘octtcr  pcrforlmncc  characteristics

than the S-IJalId l>olarimtion  lkvicc (S1’1)) systcm that was

norlnally  usccl. “J’hc Ultraconc  allows the rcccij]t  of highcrclata

rate translnissions  frol]l  the Galileo 1,GA. I’hc pcrfo~[nancc

ilnprovcnlcnls  were nchicvcd dlroLlgh lowering the Systcm  to

Noise ‘1’c~npcra(Llrc  (SN”I’)  fmm  15.6” Kelvin to 11.8” Kclvia
at z,cnith.  ‘1’his  provided an incrcasc.  in rcccivcd sigaal ofovcr

1 db and a projcctcd incrcasc in (iatn return over the mission of

:Ij>})l-oxirtli]tcjy  ] ()%. Ilc)tb the ]) VI< and lJltraconc suplmtc(i

the Relay/.l0l operations flawlessly. I )opplcrdata was p r o v i d e d

tllroog,hout lhc ]0 and JuJ)itcr closest poinls  of approach.
I’clcmc[ry  data was [nissing  bu( the proccssms  remained in
lock, {litical  ground comtllandir(g was pcrforlnccl  without

fau J[ e v e n  though  (hc Goldstonc  375KW ‘l’ransmi[tct-
cxpcr icnc(.d  coolant leaks which, if systcm interlocks had no[
been lnzrnually  by]mscd,  would have automatically turned I})c

transn~ittcr  off. @ I)cccmbcr  “/, in rczrl-tinlc,  cnginccrs

contirJI)c(l spacecraft lock on [he. l’mhc data and the stml of the

400N engine burn was seen in [hc dopp]cr  data and con firlncd

in the tclclnctry  signal. ]lowcvcr,  immcdiatc]y  at groL]td

[-ccc.illt of thee.nd of the. burn, onc of the two l{cccivcr  ~.hannc]

l’loccssors (1{~1’) of  llVJ-t (iroppcd tock on t h e  tclcn]ctly

signal. “l’hcottlcrl{{l)  maintained lock foran aclclitiona]  1 hour

30 lninu[cs  bcfrrlc installing ncw prcdic[s  caused a tclcrnetty

outage. ‘1’llis  outage lasted fo] 12 nlinutcs,  but the IIlain orbi(

imc[ (ioa c\’cnts had alr-caciy bcc.n confirmed.

J ().3 l’crijovc  R@c Maneuver
On March 14, the  J’crijovc l<aisc  MancuvcI (l’JI{)

was pc] forn]cd at an attitude o1’46.5” off-l ;arlhlinc  rcsLllt  ing in

a 4db wc.akcr  signal for g,round opc.rations than was rcccivcd

duling~ol. “J’hc 1’JI<  scqucncc star[cd in the suppressed cm  icr

rilmlc.  l:ivc Ininutcs  pl-ior to burn, residual carrier mmlc was

co[n]imndcd by thcombmrd  scqucnccto incrcasctbc  prospcc[s

that the }IV1{ gyound  rcccivcts  would mninlain  lock on ttm
spacecraft si~nal to jll~)viclccic~j}l>lcr data and pmsibl  y Iclclnctl y

during  and aflcr  the burn. Ilurin[< the burn, dopplcl  dn[d

[cllutinc(l in lock and was provided. llowc\’cr, tclc]nctly data

was lost dLIC  10 the low Icccivcd signal ]cvcls. At hu[ n stop, all
aIOUIKl ycccivcd  s ignals WCI’C  tOSt.e, Automatic zr[(cillpts to
rc:lcqui[c rusullc(t iu o lnlsc Imk \vhich  dots not pcrlni[ actual

dafa  processing. After a period of [imc, ~~~round  operations
Ivcognizcd lllis  cw)dilion ancl IIlanually  r e l o a d e d  t h e  II VI{

rcccivcrs,  ‘t’c]cmclry was not reacquired for an additional 30

nlinutcs.  I’hc cxpcrilllcn[at  liut]  SpcctrLlrn ~ccordcl (11’S1{)

suppor(in~~thc l) Jl<on abcst efforts basis did maintain lock and

showed a frcqLrcncy offsc[  of 4.8 Ilcr(z froln the. prcdictccl

ficqucncy. Quickly al)p]ying  his offsc[ into the I] VI<  rcsLll(cd

in a reacquisition of dopplcr  data  that  conlirl]lcd  that the PJK

IImncuvcr  }ml cxccutcd  as p]zrnnc(l  and gave early indications

tt mt the. spacccr  aft was bcalthy and furlctioning  JJropcr]  y.

j 0.4 Ganynmle..l.  !Woutlt.er
lo [lack Cialilco’s l o w  s i g n a l  Icvcls, [hc l)SN

dcvclopcd  ttlc IJccp SJMICC  ~omrrlunications  Gmlplcx  Galileo

l“clcr~~ctr-y  subsystc.rn  (I Xi-[’). ‘1’hc 1X31’ consists of two

ctmttncl  opcralions;  onc channel for Block V l{c.ccivcr  suj)pml

afld lhc o[hcr  based upon a I;LIII S})cctrLtll~ ]-kcordcr  (}:S1<).

I’clcmc(ry  processing is done indcpcndcn(ly  by each channel.

“1’tlis  approac}l  rcduccs l})c risk of loss of data duc to cquiplncnt

failure. ‘1’hcllVI<chanr~cl  for Cialilco  Orbital l>tl:lse(j~ack(;ti~cd)

tclclnc[ry  was not yc( available for this first cncountct. ‘1’hc

}ISI{ channel cc)r]lrl~orllycallccl  the “single string” was available

arlcl comrnitlcd as ttlc prime data acq Llisit  ion so Llrcc. It was for

this equipment that the signal ]cvcl nnalysis  was pcrfortl~cd so

ttmt op(imurn bandwidth settings could bc prcdic[cd  arl~t  USCCI
(o lock and pt occss tctcr[]c[ry. ~onccl n over the ability of the

ground har(twtirc to maintain lock on lhc  (Iopplcr and tclcmclry

dur ittg  the closest approaclt  was hcightcncd  wt]cn  thccxI~cctccl
si~nal analysis was cornparcd  10 the operational profile. It was

dccidcd to rcqucsl tbc ArI ay ] )(i’1’,  a systct n being (] CVC]OpC(t
that cmnbines te]cmctry  data from multiple. tI:\cking  anle.rinas
[hroLlgh a I:ull S1)cctruln  (~ornbincr  (l:SC~) a!d sia[cd  to rcp]acc

the Single String I)(iI’, sL]ppoI[ (hc cncountcr  on a “best

cffw [s” b a s i s .  (Jsc 0 1 ”  t h e  systcrn w o u l d  g i v e  t h e  I’Ic)jcct  a

t)ackLtp  acquisit ion aId trac~ir)g source in Ihc event t’ailurcs
occulfcd in the Single String 1X1’. ‘1’his dccisioa  }mvcd  to bc.
sound as (bc Sing]c  String l)~r’1’ systcm never obtained ICVCIS

or]  [tic signal during the cncountct. ‘J’his  was traced to plcdicl
prohlcrn. ‘1’hc Artay  I) G’1’, however, did ]nninlain  signal

acquisition and tr-acking  lhrough  tbc closest approach period

J>rovi[lirlgtllcl)r(jcc(  with mrt-tirnc visibility that thccncountcr

W:l\ SUCCC.SSflll.
--{~] c.!. ... < ~ :,,,  .\,,:

!, ----

.JI.l.<; anymc(le-l 1211collIiter Secll]ct]_~c/1’crforlllar~ce

‘J’hc fitstcr~c(~tlrl[ crc)ftllc [() Llr\\:is\  \itl~(i:lrly1i)cdc

((i I ) on .fur)c 27, J996,  at an al(itLrdc  of 835 krl~ and a latitude

at closest approach of 30.4  dcg~. ‘1’hc Spaccctaft  scq Llcncc Ihrr(

i]ccoliip]ishcd  (hc data  a c q u i s i t i o n  I-an frorll  JLtnc  23, 1600”

(ihl”l’,  to June 30, 0430 GM1’. I)uring this period, ciata  were.

acquitcd  by two methods- real-[imc and rccordcd. ‘1’hc 1<’1’S
(I{ca-rl’imc  Scicncc) data came frolll primal ily the l’iclds  ilI)(l
l’articlcs  irls[rur)lcn[s,  \\it}]sotllca(l(litiorlzll  par[iciJmtionby
N1h4S  aIKl (J VS. I’his da(:l  isjm,ccsscci as acqLlired  by t}Ic (~l)S

and sent dircc[ly  to llm[h with no on-board sloragc.  other tbaa
for shorl  periods in the mu](i-usc  bLlrfcr. “1’hcrccodcd  (lilt~i

carllc fromall  thcinstrurl]cnt  scxccpt  11}’1),  an(l  \vasstorc(  ion

IIE i>MS f o r  rc[urn [o liar[h  during (hc apl)roxitnatcty two
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]non(b cmisc  pcl iod before tbc second cncounlcr  in lhc [our.

IXwt lccording  was limilcd 10 [racks 2, 3, and 4 on [hc l)hlS,

bmmsc  hack t had hccn used [0 smrc 10 torus dam ttm[  bad

been acquired dL1l’ing lhc ini(inl  pass by Jupiter on IJccelnbcr  7.

I’bc l’robe daIa  had also been stored on (rack 1, but w:is

co]l)plclcly  rclulmcd prior to the first salcllitc  cncoLltllcr.
~’hc norllinoi  plan was (0 return lhc torus dala in the

JOCIJ  SC(IUCI)CC  (hC laSt SC(]UCIICC hCfOIC @lyHICdC),  bll(

since that wm tbc. tlrst sc.quc.ncc to opmrte with the ncw phaw

2 systcl]l, there was considerable qucs(ion :~bout when the

scqucncc  would stal-t and bow WC]] it would pcrfor[n at the tirnc

the (i 1 rcmdin. g scqucncc  was bcimg designed. }Icocc,  tbc

decision wos made not to rccmd on track 1 to insure that tbcrc

w;is no risk of ovcrwr’itir~g  any of the torLls data before i( was

successfully rc.turned. III fact, tbc. JOCI) scqucIJcc started at the
p l a n n e d  til])c and workccl very WCII, but  there WCIC  still

nutncrous  picccs of the torus data thal were not recovcrcd

duf ing that period that  Were Sllbscqucntly  rccovercd  during [hc

G t play b:lck period.
1 ‘igulc  18 shows a plot of the spacccr  aft path. ‘1’hc

locatiorls  of the various instl  Llmcrlt  observations arc indicated,

from which  onc can dctcrminc a qLlilc accuralc  sense of the

gcomcll”y  involvccl, including prilnrwity  r:il~gcs and lighlin~
allglcs. IFigorc 19 s h o w s  a linwrr timclinc  of (hc sarlrc

obscl  vaiions.  I’hc lJVSfliLJV observations are early, WCII

bc. fore pcrijovc.,  bccausc of gcomctr-ic;il  considcrtitior~s.  in

fact, the bulk  Of thCir torus  Ohscrvations were accomplished in

the J()[;i) scqucncc  before the G I encounter- scc]Llcncc star(cd,
and were not r-ccordcd  bu( rather caIIlc down as real-time d:ita.

‘1’hc SS1 observations give the apJ>cmrlcc  of bcir)g the least
intcnsi\’c’,  hut in fact were far from  [hat.  l’his appca]  :IIKC is tlIc

~csult oflhc fact ltmt Ihc olhcr  rcinolc  sensing instrLllllcnts  tcrd

to operate in scanning lnodcs, as opposed (0 the rclalivcly
instant:lncous  shuttcl ir~g of the earner-a. A total of 129 images
wc.rc take.rl Lind rccm dcd, of which a[ least portions of 127 were

later rcturllcd.  ‘1’hc aclivily  line at the bottonl  of I:ig,urc  19

indicates ttlc period where the fields ancl pnr(ic]cs  ins[rLlrllcn[s

were rcl~tr[lillgc orllirltlotls(  lal:lirl  sLrlJIJorL c) ftllcrllagtlctosllllcric
Sutvcy.

liigurc?oshows  a mapof thclocntionsof  the rccordcd

data on (Ilc I) MS. l<ccording staI-Icd at  the bcginl)ing of track

(WO (on Ihc right),  pmgmscd  frml right  to lcf(, changed to

Ii-ack 3, ]ccording fro]]) Icf( to right, then complctcd  on track 4

from ri~ht 10 Icfl. in the coutsc  of recording on (rack  3, it was
dctcl lnincd florl]  the real-time cnginccring (clcrllctly  that the

1 IMS was using lnorc.  tape than had been cxpcctcd,  and to
insuw ttl:lt lhc rccotding did not cxlcnd into the end-of-track

trial  kcr, real-litnc colnrnands were send to trunca(c  (1IC NIMS

Ju})itcr  Ot)scrvation ncw the CIKI of the track by about 150 tics

o f  lapc.  ‘1’his rcprcsentcd  a sIIlall pcrccntagc r e d u c t i o n  o f  a

fairly  Iotlg obscr-v:l(ioo , and was of failly minimal irnJmt.

Arlal  ysis ai’lcr  rccordi  ng was cornplctc was ambiguous :Is  (o

wbcthct IIlis action  ptcverltcd wrilinp,  intothc track  lINIt kcr, bul

in my cvct)t, it woutd hnvc bcctl  very CIOSC. I’apc usage t]mdcl
paliilllctc[s  tmvc been updated based on this cxpcricncc  to

avoid silnilnr  risks in futuw  scqucnccs.
‘1’l]c ovcfitll  G 1 cncountcr  cla(a acquisitiorl  process

wot kcd vcr y WCI1.  All of the spncccraft engirlccring  s~s[c II)s.

including the I) MS, performed witbout ilaw.  ‘1’brcc scicncc
ills[rLltilcnts,  NIMS, 1’1’1<, and 1{1’1), cxpcricnccd  problcim

leading [0 restricted data acquisition.

~ 1 .2  Ganym@C-1  l’laylmck Opcrntiom and
I’clforlna.llcc

‘1’hc planned period of rccordcd  drrt:l rcturtl  for the G 1

clwouotcr data  ran from July 1, 0-424 GM’1’ (o Scl)ternhcr  1,

(NW) GM’1’. Overall, the activity  wns highly successful, with

rtmst of the. uscfut da(n bcins  returned. “1’IW initial plan  did not

expect to rc(Llrn all of the rcmrdcd data  duc to the limitation on

downlink  capability using tbc low-gain :Intcnna. A major

urlcct  tainty in Ilow  nlLlch data  would actually bc returned was

the I)crformanccof  the onboard  cl:ltacollll]rcssc) rs.  in fact, their

pcrforinancc  ranged fl mn about as cxpcctcd, i n [hc case of I{icc

conlprcssion  o n  tbc 1>1 S ciata, to considerably hctter thnn
cxpcclcd for [he 1(3” usc on sorrlc  of the SS1 data. “I”tlis allowed

tllc rcturl) of mole data [twn lbc Origii)al  ptcdictions i n d i c a t e d ,

cs[~ccially  sir]cc  the initial J>lan assumed I: 1 conlprcssion  for4

of (I]c(idata typmthnl  used ~icccomprcssion,  as aconsc]  vntivc
assullq)tion  for the first usc of this capability. ‘1’hc lack of any

1 [1’1) data, :tnd [hc fact that SO][)C of (}IC 1’1’1{ and NIMS  data

were of n~inimat  value because of their ins[rumcnt  rrnomrlics
also ]cd to more rclurn  cap; ibility for other irtslmlncnts,  most

notably Ssl.
l’hc playtmck s t a r t e d  pzrr[ w a y  t h r o u g h  t r a c k  3 wilb

t h e  rcturrl ofrcla[ively high rcsotution (-75111) SS1 illlages  in
tttc legions  of Uruk Sulkis  and (ialilco  I{cgio  on Ganylncdc.

I“llis was done to support arl cfirly press confcrcncc  after the
Ci:ll)yl)lc(lc  cr)cc)Lltl[cr sil)ce [hcsc were (IIC first images rclumcd
by (izrtilco  frorlL Ju})itcr, and they had been a long time in

cotlling  relative (o initi:tl expectations bccausc of the. l)MS

anomaly. When this initial rcturw was ccmll]lctc,  the tape was
positioned to track 1 to rctur[) tbc r-crnaindcl of the 10 (OILIS data

rccor(icd in l)cccrnbcr  1995, which had not bcel) rc(urmcd in

JO(”I) for various  reasons, nms(ly  station outages and (itita

flarllcs lost dLlc to issues rctatcd to the first usc of the phase 2
glould systcrn, ‘Ibis mlountcd  to about ] ()% of the [otai  tor US

d:ita set. I’hc plan at this point was to pmcccd  slraight  t}][ou~h

the tape in tirnc order, dcsclcc(irig the irnagcs  that had been

rctun~cd  c.arlicr.  llo\vc\~cr,  mound this tilnc,  addi[imal  testing

of [tic play b:ick  rnanng,cr code in the tcstbcd  had ui]covcrc.d  a
scl ious pmblcn~  that wvis likely to occur when processing

NIMS (Intn that mutd  halt playback. ‘1’hc action taken W:IS to
ptocccd across the lapc  in time ordcras planned, hut todcsclcct
all the NIMS diita  up until such time that rr flight softwa(c frx

could bc ilnplcrncn(cd. I~rom that point onward, NIMS data

would bc included in lhc rcturm,  and another pass through the

t:l~)c up 10 the point of where the NIMS sclcc(ion began would

bc dorw to rccovcr  the NIMS d:LIa skil]pccl  to (Imt poirlt,  “1’tlc l;x

turned out tot~caciifficult  prohlctl), and it wascomplctcd  atjus[
about the ti[i]c the other planned non- NIMS data rc.t Llrn was

cotllp]ctcd, i.e., rlcal-  the cnd of track 4. (h)  AogLIsI 1, the fix

was onboml  and the pass to rctutw primnrily NJh4S  dat:l  was
hcpLltl.  IIy this linlc,  the benefits of the l<icc and I(YJ’

conl]x c.ssirm pcrfmrnancc  had been rcat  i~,cd, and other data

thnt tmt been dcsctcc(cd tbc. prc.vious  till~c. through, ]miromily
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SS1, was also  sclcc(cct  for rc(urn.  1 Iowcvm,  at atmLIl  this point,

zil)()(tlcrl)l:lyl):lck n)anagerpmblcm was fcrunct that COUICI cause

(I]c pmccss to haag u p  w h e n  pmccssing nlecliu]n r a t e  NIMS

data, the first NIMS observation data set on the tape. I’his data
set was dcsclcctcct, and (he process bc.gan by returning low and

imbcddcd  high M(e data. l:rom hc.rc, the prc)ccss worked well
until ncal lhc encl of track 3, when the process found lbc poirl[

at which Ihc NIMS anomaly occurred (sm introduction),

considc.rahly  c.arlicr  than had bcc.n cxpc.ctcd  base.cl  on (11c vet y
limitd r e a l - t i n w  data t h a t  w a s  availnblc  cmlicr.  l’his  caused

(hc Rice compression to go froni about 2:1 [0 1:1, i.e., no

compression duc to the erratic nature of the data. l’he volurnc
of NIMS data remaining ancl the lack of compression nw:int

that  the process would not reach the end of the tape by the cad

of the ct-uisc period if no intcrvcnilig  actions were taken. Also,
s ince [}~c rcmainins  NIMS data was of qucsticrnablc scientific

wiluc, i t  w a s  a p p r o p r i a t e  1 0  demlcc( it i n  f a v o r  o f  o!hcr
previously dcsclcctccl data. G>lnrnanc]s  were sent from Ihc

grounci  to pause the playback, most of (hc rclnainirlg  NIMS
obscr-vations  were dcsclcctccl,  mm SS1 data were sclcctcd,

and the process was rcsulncd.
I’here was reluctance to stat(ing yet another pass

through the tape bccausc  of (hc additional tape rccordcr usage.

llowcvcr, if playback were [0 cnd when the encl of track 4 was

ncx( rcachcd,  there would have been several days of time
rclnaining  wi{h  no playback occurling.  bccausc of all the

C()]I 111)(C(I N]MS da[:l  tha( h:id hCCr) dCSC]CCtCd,  al]d Valll[lbk’

data still rclllaincd on tracks 1 artd 2. Some I’WS data  still

rcnminc.  don (rack  1 ductoa  softwalc.fca[urc  tha( was previously
not well undcrstcd,  thcoriginal  mcdiufn  rate NIMS obse[ vation

was a very high priority data set, anti several SS1 images on

track 2 wm prio)-itizcd for replay at lower compression.

Ultilllalcly,  i( was decided (0 loc)II around to (rack  t and pal L
way through track 2 to acquire these clata sets. [)n AUgLISt 24,

thcspacccraf(  went illtosal; tlgclllctc)  atilllillg  o\ ’crlLltl  condition
in tlm CI)S, which terminated the scqucncc,  ending any furlhcr

da[a  rclLlrn  f[om the [i ] scqucncc. ]’rior to this event, Ihc 1’WS

dala  on track I was Iccovcrcd,  bLlt the.a(klitional SS1 and NIMS
data were not. Also los( were R3’S  data, including the UVS 10
torus  observations schcdulcd for [he Iasl  fcw days of (1E (i 1

ctLlisc Scqucncc. ]Iy %ptcn)bcr 1 ,  t h e  s p a c e c r a f t  had b e e n

rcturnc(l 10 nor[nal opcraliont and the ~2 cncoun(cr sequcncc

bcpan ri~ht o n  schcdLllc.

‘1’hc spacecraf t  olhi(  after JOl  was i ncl i I)c(I to the

cqua[orinl  p]ancofJupih?r,  ancl the orbital p]anc  of the Ga]ilcan

sa[clli(cs,  by :lbOLl[  5.4°, bccausc of the non-xm approach

declination of thcintcrplanc(ary  approach trajcc[ory  tojupitcr.

Since having the sp:icccraft  orbit lic in the orbital plrinc of the

satcltitcs  is a mmss:iry  condition toll:lvccr]coLl  r]ters with more

tlmrl crncof thcsatelli(es,  it wasneccssary  that all cncoLlntcrs  bc

with the sarnc sntcllitc  unli]  such a zero inc]inrrtion  condition

could hc achicvcd. Ganymcdc was chosen to bc {his  satellite,

t)cc:~tlsc itsll~:lss  ar~(lorl~it:il  lodion  wcrcfavorablc.f  orchanging

boltl pctiml  and orbital inclination. ‘1’hc first cocountcr  gravity

assist  at 30.4” lati(udc  prilnat  ily served to rducc the initial
pcric)cl frmn 210 days 72 days, but trlso contributed slishtly to

it]clina(ion  duction. I’hc second cncountcr  at 80” Iatitudc
wm primarily to matw the Gali]co orbit co-planar with the

satellites’ othits, thus enabling subsequent encounters with
liuropa  and Callisto. Ibis second c.ncountcr  occurrd on

ScI]tcmbcr 6 at an al[itudc  of 260 km.
Aithoug,h  the ]atitudcs  at C}oscst  approach for these

two Ganymcdc encounters were driven by the above orbital

nlcctmnics collsi(lcr-:itio;ls,” they scrcndipitoLtsly  prc)vided  an
i d e a l  armngc]ncnl  for onc of lhc high priorily radio scicncc
Otml  vations. ‘1’hc first rclativc]y  cquatoria]  pass ancl  the

second ncarpotarprrss will allowalllcasLlrc]l]crlt  of(ianyndc’s
p,[avily  field and an indication of the internal structure of the

body. “1’hc lXqy>]cr  data were successfully obtained for both

cllcountcrs  aad are being analymd.
At 260 kIII  altitude, this G2 cncountcr was (IIC closest

a]q)loactl of all of the 10 e n c o u n t e r s  plannfxl for the tour.

I<cltmtc sc.nsing observations wmc rnadc of all four of the
(idlilcarl sa[cllilcs  on this pass through pcr-ijcrvc.  Callisto  and

10 wcm seen at ran~cs  a I ilttc over 400,000” kin, and 1 luropa at

a more distaat  671,000 kin. ‘1’hc s ix f ields an(l pilt’tiCICS

irlstl  Llnlcnts Illaintaincci continuoLls (Iowtllink tllroLlghOLlt  i n
suppori  of (hc rnagnctosphcric  sLlrvcy,  as wctl as recordings

nca] Ganyrncdc  closest approach and at ttm plasnla sheet

ct”ossing aboLl( four days after lhc cncountcr. With the cxccpt ion
of (Ile. }’i’1< not bcir~g lurncd on to L’o]]cct scicncc data due to its

earlier filter wheel anonlaly,  the cncountcr  period dala

acquisition and real-lime rctut n was a cornpletc  sLIcccss,

accomptishin~ all objectives with only onc relatively minor
prohlcm. ‘1’hc NIh4S ins[[-ulncnt again cxpcricnd the san~c

kind of problcln as in the G 1 cncoun[er.  lIowc.ver,  bccausc of
a I]lL:vioLlslyIJl:illrlccl  rcloadofthc  instrutncnt  Ilmlmry  fmm ltlc

C1)S  during the cncountcr  period, the instl-umcnt  was

rwtlfunctional  for only aboul  a five hour period, rcsuiting  in
Illi]lilnal  loss of obscrva(ions.

l;igurc21 shows tt]Cl>alll  of{iillil  C() spacccraf(  for this

CiarIynlcdc cncountcr,  and a description of where the lnzrin
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ohscrva[ions  were taken. l;ig La’c 22 shows the tnap ofthc  data
as placed on the I) MS.

I’wjcct  Galileo r’cprcscnts (1w WOA 01 thousands ol

people. ‘]’hcy  all dcscrvc  ticknowlcdgnwnt  for t h e  nmy

;Icc(>lll]llislllllcrlts  of Galileo 10 (iatc and for the twmcndous

ptomisc it holds al Jopi(cr.

l’hanks  go to Jean Aichcle.,  q’iffany  ~hiu,  Maynard

llinc, and hill llolfnlan forillllstralic)  lls, ccli(irlg,  and procluc[ion

of this  paper. Also, special thanks to 1,OU lYAn~ario  and Jcnaic
Johanncsc.n  for help with the navigation figarcs  and daIa.

“1’hc research ctcscribcd in [his paper was carriccl  OU(

h y  (IIC J e t  l’ropolsion  1,ahoratory,  Glifornia  lns(itutc o f

‘I$cchnoloxy,  ondcr a contract with  the National Aeronautics

and .Spacc Administration and by NASA’s Ames I<cscarch

(~cntm.
ltc.fcrcncc herein to any spccitic conlnlcrcial  prodact,

process, or scl-vice by Iradc naruc,  traclcrnark,  mmufacturer,  or

otherwise, does  not constito(c or inlply  its cndorscrncnl by the

Uai(cd SIaIcs  Govcrnrmnt  or the Jet I’ropulsioa  1 ahoratory,
Gllifoll}ia  lns[i(Lltc  of ‘1’cchnology.
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